DESIRED CARBON PERCENT 


DEW POINT 


Light area on the chart shows preferred contro! band for quality gas carburizing. Surface” generators (right) make control easy. 


Which atmosphere gas gives the best case control? 


‘Surface’ RX® generator gas is the accepted answer in hundreds of plants be- 
cause of its easy and accurate carbon potential control. Whether you're doing 
gas carburizing, homogeneous carburizing, dry cyaniding, clean hardening or 
carbon restoration, RX® generator gas gives you (1) maximum carburizing 
rates in the least furnace space, (2) near-theoretical case gradients, and (3) 
either high or low carbon surfaces without sacrificing these other advantages. 


This versatile endothermic gas contains about 20% CO, 40% H., 40% N,, 
and very small controlled amounts of CH,, H.O, and CO.,. It is “designed” 
for the accepted dew point method of controlling carbon potential: its easily 


measurable trace of water vapor gives it a readily controllable dew point value 
ee : for each variation of its composition, from rich to lean. 


Most modern carbon control processes are within the range from .30 to 
1.00% carbon. A glance at the chart shows that a generator gas of 40% 
H, can control this entire carbon range most efficiently. 


‘Surface’ RX® gas generators have been field-proved time and again—batch 
and continuous furnaces, with manual or automatic control of carbon potential. 


Send for Bulletin S$C-164: Surface Combustion Corporation, 2377 Dorr St., 
Toledo 1, Ohio 


SURFACE COMBUSTION CORPORATION 


Also snakes of Janitrol” automatic space heating and Kathabar® humidity conditioning units 


| 
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Engineering Articles 
The First Commercial Plant for Electrowinning of Chromium, 


Highest-purity chromium is needed for super-alloys, cermets and powder metal products. 
The new Marietta plant makes it from high-carbon ferrochromium — an electric furnace 
product — which is dissolved and 99.80% chromium electrodeposited in diaphragm 
cells from a chromium-alum solution, (C 23, Cr) * 


Titanium Alloy Reclamation by Vacuum Annealing, 


by D. N. Williams, R. I. Jaffee, and C. A. Bentley, Jr... 


Excessive hydrogen can cause embrittlement and thermal instability of titanium alloys. 
Annealing in a vacuum will reduce hydrogen contamination and restore ductility. 


(J 23, Ti) 


Radioactive elements used to study passage of stock through blast furnaces, wear of 
refractories, refining reactions in steelmaking and origin of inclusions in ball bearing 
steel, (S 19, D general, ST) 


Descaling Steel Sheet by Shot-Blasting, by Wilhelm Olson ........ 


Shot-blast descaling of hot rolled low-carbon steel sheet and strip has not only relieved 
a procurement problem but has also reduced costs. (L 10, CN) 


Experience With High-Manganese Stainless Steels, by Richard E. Paret....................... 


Newly standardized Types 201 and 202 should save much nickel, for they match most 
of the properties of 18-8 in sheet form. Seldom are changes in tooling necessary in the 
usual fabrication operations. (SS) 


Effect of Molybdenum in Iron and Steel, by Alvin J. Herzig... ...... 


During the period in which William Park Woodside was active in research, the art 
of heat treatment developed into a science and much was learned of the effect of 
molybdenum on the properties of steel and cast iron. (J 26, Q general, Mo, CI, AY) 
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MAKE THE DIFFERENCE IN 


Thermalloy 
conveyor belts 


It takes expert design and the right alloy to make 
conveyor belts that will stand up under your specific 
load and temperature conditions. That's why Electro- 
Alloys engineers first study the operating conditions 
of your installation ... and why our metallurgical 
staff carefully controls the production of every high- 
heat-resistant Thermalloy conveyor part. 


But design by itself isn’t enough. We thoroughly 
test Thermalloy conveyor belts under actual load and 
temperature conditions! In our physical laboratory, a 
hot tensile machine constantly checks Therealiey 
conveyor belts. Over a long period of testing in this 
machine, we've been able to establish load curves, 
apply tensions (up to 30 tons) to test short-time frac- 
tures and observe long-time creep. Finally, test runs 
are conducted at our plant as a control measure to 
assure proper operation of belts. 

General-purpose For further information on Thermalloy conveyor Heavy-duty 
Typical 3” or 4” pitch belts, write for Bulletin T-241, Electro-Alloys Division, Typical heavy-duty link with 
center link of ioop-type 7002 Taylor Street, Elyria, Ohio. integral cast pin to elimi- 
casting design. “Registered U. Pat. Off. nate “crank-shafting”. 


AMERICAN 


ELECTRO-ALLOYS DIVISION 


Elyria, Ohio 
COMPANY 


METAL PROGRESS 


EXPERT DESIGN...THOROUGH TESTING 
= 
4 
4 
« 
| 
Brake 


Steels Degassed During Pouring of Large Forging Ingots, by Arthur Tix 


When well-made steel is teemed into a mold in a vacuum chamber (5 mm, Hg) half 
of the hydrogen is sucked out and the steel is free of flakes even if sections as large as 
30-in. rounds are air cooled from the forging heat. (D8, D9, ST) 


Contents Continued 


High-Silicon Aluminum Casting Alloy, by John C. Wagner ..................000000000055. 91 
Addition of dilute phosphor copper to a high-silicon aluminum casting alloy reduces 
segregation and increases machinability. (E 25, G 17, Al) 

Critical Points 

A day with a newly organized @ chapter stimulates intellectual activity and reinforces 
a conviction that metallurgical history is in the making. 

Bi I ical A . ti 

Adolph O. Schaefer, President, A.S.M., 1956........ 60 

Book Review 


In “Metallurgy of the Rarer Metals, No. 4—Titanium” A, D. McQuillan and M. K. Me- 
Quillan have quite successfully tackled “the formidable task of assembling and evaluat- 
ing the broad spectrum of published data” on this metal. 


Data Sheet 


Effect of Temperature on Strength-Weight Ratio of Aircraft Materials, by George D. Cremer. .80-B 


Light Metallurgy 


If This Be Treason, Make the Most of It, by S. J. Manganello..............6.06000000600005, 88 
How to explain the fine points of your profession to the uninitiated. 
Atomic Age 
Some guestimates of bomb production in the United Kingdom, U.S.A. and U.S.S.R. 
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Design of High-Temperature Alloys —Cermets and Oxide Dispersions, : 
The best alloys now known are based on cobalt and on nickel, the first age hardened 
by carbide dispersion and the second by Ni,(Al, Ti) compound. Pure metals, re- 
fractory and ductile, may be strengthened by oxide dispersions or used as binders for 
hard, brittle particles. (Q general, SG-h, C-n, Co, Ni) 
5 
13 
25 
106 
237 
244 
3 


4 


of discoloration narte 


The ammonia you use for metal treating can add to your 
profits—or reduce them! Impurities like oil or moisture may 
cause discolorations that land finished work in the salvage 
box. They are also a common cause of poisoned catalysts 
and other costly dissociator troubles. 

Barrett Brand Anhydrous Ammonia, Rehtgeation Grade, 
protects your profits and production schedules because it’s 
at least 99.98% PURE, DRY ammonia. And each cylinder is 

Dept. CA 2-16-1 


DIVISIO" 


40 Rector Street, New York 6, N. Y. 


double tested to make sure this high standard is maintained. 

Barrett Brand Anhydrous Ammonia is stocked in 150, 100 
or 50-lb. cylinders by distributors from coast to coast. Tank 
car or tank truck lots are available from Nitrogen Division's 
plants and bulk terminals at strategic locations. 

Write for a list of Barrett Brand Anhydrous Ammonia 
distributors or for any technical assistance on the use of 
ammonia in metal treating. 


Ethanoclamines Ethylene Oxides Ethylene Giycois + Urea+ Formaidehydes+ U. F. Concen- 
trate—65 Anhydrous Ammonia+s Ammonia Liquors Ammonium Suilfate+Sodium Nitrate 
* Methanol « Nitrogen Solutions + Nitrogen Tetroxide « Fertilizers & Feed Supplements 
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Ae | wae saying... 


ENT ScHaEreR and I have been 

on the go since the 15th of Febru- 

ary, and all I know is what I read in 

the letters from Miss Evelyn “Friday”, 

@ genuine encyclopedia of informa- 

tion. So here’s the latest from her 
typing machine. 

“Dear Mr. E.: The mail just arrived 
—more than 500 pieces—and three 
people are now busy slitting and sort- 
ing. The members’ dues are coming 
in better than usual, and I am in- 
formed the smallest number in years 
will be dropped for nonpayment. 
Dorothy Cowell is pleased with her 
promotion as ‘the top’ in the mem- 
bership department and wishes to 
thank you. 

“Mr. Thum has finished the edi- 
torial work on the Chromium Book, 
and the manuscript is now ready to 
go to the printer. 

Mr. Bayless reports he has 88 papers 
for the Publications Committee to review and select some 40 for the Cleve- 
land Metal Congress. The committee will have a two-day meeting to make 
the selection. Mr. Bayless has two secretaries doing Fitz’s work. Fitz was 
in the office yesterday. She seems very happy with wedded life, and plans 
to pick up some pin money and while away her idle moments by ‘styling’ 
for the printer some of Dr. Brasunas’s Metals Engineering courses 

“Mr. Wells placed a report on your desk indicating the Cleveland Metal 
Show is 99 44/106% sold. It was the heaviest advance sale in history, with 
more than 400 exhibitors. The hotel reservation forms will go to the printer 
very soon. 

“Mr. Thum just returned from a week at Oak Ridge, and said to tell you 
that the symposium on thorium is coming along in splendid shape and 
should be a big hit at the Cleveland convention. - 

“Dr. Beck (chairman of the AS.M. Seminar Committee) wrote you today. 
Dr. Andrade (the ‘father’ of creep research) of Cambridge, England has 
been invited to present the Saturday evening lecture during the creep 
seminar at the Cleveland convention. —- 

“You had two letters today offering to purchase the ‘winter-wear’ you 
offered for sale in your recent column. It ts really encouraging to know 
that your column is gaining readers. These two, added to the three of us 
who have to check it, show that reader interest is picking up. 

“Dr. Lyman had a conference with Glen Riegel last week on Handbook 
committees. The Doctor is delighted to have Mr. Riegel on the staff of the 
Metals Handbook, and is busy lining up a number of other scientists to 
assist in the tremendous amount of work involved in getting out the next 
edition (in two volumes). 

“You had a call today from that good-looking Beaver Falls high-school 
English teacher, the W & J graduate, accepting your offer to become affili- 
ated with the AS.M. I know that news will please you. The Metal Showman, 
which you said he would edit, and the Metals Engineering Institute’s lessons 
will certainly have no split infinitives, or unnecessary commas, colons, ex- 
clamation points and/or questions. 

“Kingsley Given will arrive on June 1 for his 18-month jaunt with the 
AS.M. He secured a Sabbatical leave of absence (from Kansas State Uni- 
versity), and with the summer vacation periods should be of great help 
(as assistant director of the Second World Metallurgical Congress, Chicago, 
Nov. 2 to 8, 1957). 

“Marjorie Hyslop (corresponding secretary of the 2nd World Metallurgical 
Congress) told me she has received more than 115 applications from over- 
seas, and 50,000 leaflets are being sent abroad for distribution to members 
of learned societies in the free countries of the world. 

“A lot of national and world events are certainly taking place in our 
office. Everybody is so enthusiastic. It would have done your heart good 
to see the real happiness of the staff when they got the word that the 
Board had selected the staff's favored site for the new headquarters and 
the A.S.M. of Tomorrow. 

“See you next week—Eve.yn.” 

Thanks, Evelyn, for an informative letter. 


Cordially yours, 


W. H. Ersenman, Secretary 
AMERICAN SOCETY FOR METALS 


JUNE 1956 


Solventol Helps Solve Plant Layout Problems 


to tc in 


You can sec how 


material movements for greater efficiency 


ing machine 


Solventol service to metal cleaning goes beyond 
high quality cleaning compounds and highly 


efhcient metal cleaning equipment 


This Soiventol service is typical of what you 


get when Solventol’s metal cleaning compounds 
and equipment are on the job in your plant 


Now, Solventol offers scale models so you can 


visualize the size and floor 


space requirements for Solvy entol’s metal clean 


Metal Cleaning 


more cftectively 


Call Solventol for Metal Cleaning Service 


Detroit 3, Michigan 


SOLVENTOL CHEMICAL PRODUCTS, INC. 


15841 Second Boulevard 
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NEW! FAST 


A new high-speed quenching oil 
with an extra-long service life 
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ROCKWELL "C" HARDNESS 


3/4 1 1/4 


SUNQUENCH 78* was developed for those tough 
quenching jobs where a conventional quenching 
oil can’t give you satisfactory results. For example: 


Easily distorted parts can be satisfactorily 
quenched in SUNQUENCH 78. It rapidly wets out 
all surfaces and produces a uniform quenching 
action. 


Baskets of tightly packed parts can be quenched 
more uniformly because of the efficient cooling 
action of SUNQUENCH 78. 


Baths with inadequate agitation frequently can’t 
develop full hardness with conventional quench- 
ing oils. Here again, SUNQUENCH 78 is the answer. 


Steels of low hardenability, which have been sub- 
stituted for more expensive alloy steels, develop 
maximum hardness and strength when they are 
quenched in SUNQUENCH 78. 


SUNQUENCH 78 
| STRAIGHT MINERAL OIL 


INDUSTRIAL PRODUCTS DEPARTMENT 


1/2 3/4 2 1/4 1/2 3/4 3 
DISTANCE ALONG ONE DIAMETER OF 3-INCH TEST LOG 


Three-inch test logs of AISI 4140 were quenched in both SUNQUENCH 78 
and a conventional quenching oil. The graph shows the results. 


The long service life of SuUNQuENCH 78 is just as 
important as its high-speed quenching action. Spe- 
cial inhibitors give SUNQUENCH 78 an exception- 
ally high thermal and oxidation stability. Even 
at abnormally high quenching-bath temperatures, 
SUNQUENCH 78 has very little tendency to thicken- 
up or form cooler-clogging sludge. 


For more information on new SUNQUENCH 78, and 
other Sun Quenching Oils, see your Sun represen- 
tative or write SUN OIL COMPANY, Philadel- 
phia 3, Pa., Dept. MP-6. 


TRADE MARE 


S U N Oo ; L Cc Oo M PAN Y PHILADELPHIA 3, PA. 


IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL 
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When the International Business Machines 
Corporation, Endicott, N. Y., decided to do 
all its own heat treating to achieve better 
quality conirol, they devoted months of ex- 
tensive research to the building layout—and 


to equipment selection. 


A team of experienced mechanical, tool, and 
industrial engineers, together with depart- 
ment managers and metallurgical personnel, 
meticulously searched the market... screened 
each and every suitable variety and type of heat 


TREATING UNITS 


treating unit. As a result, eighteen Ipsen units 
were selected to help form what has turned out to 
be the “World's Most Modern Heat Treating 
Department.” 


IBM’s experts found Ipsen to possess the out- 
standing performance, dependability, dura- 
bility, cleanliness, and safety characteristics so 
essential in their planning. 


The next time you consider heat treating equip- 
ment—remember the name Ipsen. 


. 
M 
AvTomaric 
IPSEN INDUSTRIES, INC., 723 So. Main St., Rockford, Il, § 


HERE ARE IBM’S RULES 
FOR EQUIPMENT SELECTION 


@ Operator comfort and 
safety 


@ Best potential in work 
quality 

@ Cleanliness of operation 
@ Reduction in maintenance 


@ Complete process control 
instrumentation and mech- 
anization, which can be pre- 
set by the operator, and 
which will indicate equip- 
ment performance at a 
glance, as a means of reduc- 
ing tedious checking ‘and 
adjusting. 


¥ 


‘ 


Paris 
This impressive line of 13 Ipsen Heat 
Treating Units at IBM provide customized A 
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| 
te 
— 


Stokes vacuum pumps remain the standard of com- 
parison for reliable, low-cost performance. 


Here's the answer to your high vacuum problems. . . for 
pilot plant or for production processes. Pump design, based 
on Stokes pioneering experience in high vacuum equipment, 
incorporates outstanding features to assure trouble-free per- 
formance . . . versatile application. 


Minimum maintenance. New mechanical face seal ends oil 
leakage at the shaft. No stuffing boxes. Fully automatic 
lubrication. 


Wide application. New exhaust valve stops with double 
springs assure trouble-free operation during extended 
pumping periods from high to low pressure ranges. 


DEPENDABLE, 
LOW-MAINTENANCE, 
VACUUM 

PUMPING 


Dirt troubles prevented. New intake screen filter traps 
dirt, scale and other damaging solids. When necessary, 
every part of the pump is readily accessible for cleaning. 


Extra protection. New oil filter in the line supplies added 
protection to bearings and shaft seal. 


Fail-safe design. If power should fail, a solenoid in the oil 
line prevents oil flooding of the pump and vacuum system. 
Microvac pumps offer highest efficiency over entire pressure 
range . . . are also widely used as high speed fore-pumps in 
conjunction with booster and diffusion pumps. Write for: 
Catalog 751, information on vacuum pumps and pumping 
problems; Stokes’ slide-rule vacuum calculator; Booklet 
755, “How to care for your vacuum pump” .. . or call your 
nearest Stokes office. F. J. Stokes Machine Company, 
Vacuum Pump Div., 5507 Tabor Rd., Philadelphia 20, Pa. 
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materials combined and slit into two 


Cold formed 
structurols up 
to thick. 


<4 
Two or three strips of different 


identical or different shapes. 


Cold Roll Formed curved ribs ond other structurals 
used in airplanes, metal buildings, etc 


different uses. 


Rollformed shapes, notched, 


perforated, indented or b 


Rings of any size, for a multitude of 


ad 


Metal ownings, rolling doors, etc., made from 


interlocking roll formed slats 


Roceway conduit mouldings by 
Wiremold Co., Hartford, Conn. 


@ The basic function of a Yoder cold roll forming 
machine is, of course, to convert flat rolled strip or 
sheets at high speed into mouldings, panels, tubular, 
channel and other shapes. 


Quite often, these shapes need further elaboration 
before being ready for assembly or installation. They 
may, for instance, have to be curved, coiled or made 
into rings. Or they may need to be perforated at 
certain intervals of spacing, notched, embossed, or 
otherwise finished by additional operations. You may 
want to combine two or more materials into a finished 
shape, such as carbon steel with stainless, felt, wood, etc. 


These and many other things can be done with 


1001 Things Now Being Done By 
COLD ROLL FORMING 


THE YODER COMPANY «+ 5595 Walworth Ave., Cleveland 2, Ohio 


COLD ROLL FORMING MACHINES 


Yoder machines at little or no extra cost over and 
above normal conversion costs, simply by providing 
special attachments, or by auxiliary units installed in 
line with the forming mill. 


So, to the recognized high economy of the cold form- 
ing operation itself, other important production 
economies may be added. Yoder engineers are at your 
service in designing equipment of this kind. 


The Yoder Book on Cold Roll Forming is a complete 
text, profusely illustrated, on the art and its scope, 
the machines, their tooling and application to a 
multiplicity of mass production needs. A copy is 
yours for the asking. 


Lockseam tubular mouldings, in many 


ROTARY SLITTING LINES 
PIPE AND TUBE MILLS~—Electric Weld 
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Hydraulic Screw Power 
Testing Machines? 


ONE MAY BE BETTER FOR 
YOUR PARTICULAR TESTS 


Do your tests require the handling of off-center 
loads? Do your tests require unlimited loading 
stroke between the upper crosshead and weigh- 
ing table? Or do your tests involve holding a 
load indefinitely in the elastic range? If your 
answer to any of the questions is “yes”, then a 


screw power machine will probably be the better 
choice. 


On the other hand, if your requirements are for 
regular production and control testing, the sim- 
plified operation of a hydraulic machine will be 
highly advantageous, Also, a minimum of mov- 
ing parts assures long service life plus the ut- 
most in long term accuracy and dependability. 


RIEHLE MAKES BOTH 


Riehle sales engineers are qualified to discuss in 
detail the merits of both screw power and hy- 
draulic machines — without bias. This assures 
you that a Riehle man will never recommend 
one type machine when the other would serve 


you better. 


Riehle TESTING MACHINES 


A OF 


American Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 


Screw power universal testing machine, 60,000 pounds 
capacity. Riehle offers both screw power and hy- 
draulic machines, recommending whichever is more 
appropriate for the tests to be performed. 


You'll find all Riehle equipment engineered to 
accommodate modern testing procedures. A com- 
plete line of accessories is available which in- 
cludes: high magnification stress-strain recorders 

. rate of load indicator . . . rate of strain 
indicator . . . plus other accessories for special- 
ized testing purposes. Send today for a guide 


to Riehle’s complete modern line. 


Mail Coupon today! 


RIEHLE TESTING MACHINES, Dept. mP-656 

Division of American Machine and Metals, Inc. 

East Moline, Illinois 

Send me the 8-page “Guide to Riehle Testing Machines and 
Instruments”. 
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Induction Heating 

A new series of electronic induction 
generators has been announced by the 
Induction Heating Corp. These units 
are available in seven sizes, ranging 
from 10 kw. to 50 kw. of power out- 
put. A new tank circuit allows maxi- 


mum power into the work with almost 
any work coil. Generators are in en- 
closed cabinets. A self-contained heat 
exchanger provides complete cooling 
of components by the recirculation of 
distilled water. A system of check 
lights indicates any abnormal operat- 
ing conditions. 

For further information circle No. 1433 
on literature request card, page 32-B. 


Aluminum Extrusion Presses 

Lake Erie Engineering Corp. has 
announced the first of a series of 2300- 
ton self-contained hydraulic aluminum 
extrusion presses. These machines are 


9 in. in diameter and up to 30 in. in 
length at speeds up to 48 in. per min. 
They are of the four-column, long- 


rugged construction. 
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capable of extruding billets from 6 to 


stroke type and of an extra heavy and 


For further information circle No. 1434 
on literature request card, page 32-B. 


Hydraulic Tubing 
A new type of hydraulic tubing has 
been announced by Summeril! Tubing 
Div. A special annealing process, with 
controlled atmosphere, completely 
treats the inside of the tube as well 
as the outside. The improvement in 
finish on the inside of the tube vir- 
tually eliminates oxidation, scale and 
other adhering foreign matter that 
could restrict the flow of fluid and 
clog hydraulic systems. The extreme 
cleanliness is expected to reduce fab- 
ricating and cleaning costs and the 
uniform surface permits easier bend- 
ing and fitting. 
For further information circle No. 1435 
on literature request card, page 32-B. 


Cleaning 

A new batch-type airless abrasive 
blast cleaning machine has been an- 
nounced by Wheelabrator Corp. This 


machine has an operating load capa- 
city of 28 cu. ft. It is designed for 
cleaning sand, scale, oxides and other 
contaminants from any work that can 
withstand a tumbling action. The 
Super Tumblast has a single high- 
capacity airless blast unit that throws 
830 lb. of abrasive per minute or more 
than twice as much as any other simi- 
larly sized wheel. 

For further information circle No. 1436 
on literature request card, page 32-B. 


Titanium 

The first heat of titanium metal 
sponge produced by the sodium-reduc- 
tion process has been announced by 
Electro Metallurgical Div. This is the 
first commercial production of titan- 
ium sponge in the United States by a 
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method other than the magnesium- 
reduction process. The company has 
had this process in operation on a 
pilot and prototype plant scale at iis 
laboratories in Niagara Falls. The 


titanium sponge is remelted into 
ingots by producers of titanium mill 
products and commercial shapes. The 
plant has a capacity of 7500 tons a 
year. The flow diagram shows the 
transformation of titanium ore into 
titanium sponge. 

For further information circle No. 1437 
on literature request card, page 32-B. 


Temperature Control 

A new automatic indicating and 
controlling pyrometer for use with 
chromel-alumel, iron-constantin, and 
platinum-10% rhodium thermocouples 
has been announced by the Jelrus Co. 
The controller operates on a photo- 
electric principle, eliminating moving 
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Sun’s Heavy Duty Emulsifying Cutting Oil 
excels on high-alloy aircraft steels 


S.E.C.O. Heavy Duty handles all machining jobs requiring 

an emulsifying cutting oil. Piasecki Helicopter’s large job WRITE FOR 

shop at Morton, Pa., found this out three years ago when FREE TECHNICAL INFORMATION 

S.E.C.0O, HD* replaced two expensive heavy-duty soluble 

oils in machining fan hubs. 
Extremely versatile and moderately priced, S.E.C.0. HD © Disposal of Waste Emulsions 

has been doing an exceptional job in cutting a variety of © New Improved S.E.C.O. 

high-alloy aircraft steels for Piasecki. @ S.E.C.0.—Mixing Instructions 
For more information about S.E.C.O. HD, see your Sun @ S.E.C.O. HD 

representative. Or write to Sun Or. Company, Philadelphia 

3, Pa., Dept. MP-6. 


@ Cutting and Grinding Facts 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY 


Philadelphia 3, Pa. © SUN O1L CO. 
See IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL 
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parts and contact wear. A beam of 
light, directed at the mirrored meter 
face, is interrupted by the pyrometer 
needle to actuate a simple control cir- 
cuit. The control'er comes equipped 
with thermocouple break protection 
and compensation of thermocouple cir- 
cuit resistance up to 10 ohms. Port- 
able units are available, as well as 
those for panel mounting. 

For further information circle No. 1438 
on literature request card, page 32-B. 


Abrasive Wheels 


A new line of small wheels for pol- 
ishing metal with portable hand tools 
has been announced by Minnesota 
Mining and Mfg. Co. The wheels are 


composed of die-cut pieces of coated 
abrasive cloth, bonded with resin and 
locked into a hub. They are particu- 
larly suited for work in the appliance, 
stainless and sheet steel fabricating, 
metal polishing, plating and tool and 
die industries. 

For further information circle No, 1439 
on literature request card, page 32-B. 


X-Ray Film Developing 

A new, fully automatic processor 
for developing and drying up to 300 
exposed X-ray films per hour has been 
announced by Hard & Co. It is intend- 


ed for use where the volume of films 
to be handled per day is high, or 
where the developing time cannot be 
trusted to other than exact machine 
timing. However, the light lock of the 
machine is so arranged that it may be 
used for manual processing of films. 
The machine is 9 ft. long, 85 in. high, 
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36 in. wide. It operates on either 110 
or 220 volt, single-phase, 60 cycle 
power. 

For further information circle No. 1440 
on literature request card, page 32-B. 


Rust Remover 

Development of an alkaline ma- 
terial for the removal of rust, paint 
and primer in one dip and rinse opera- 
tion has been announced by Turco 
Products. This powdered compound 
removes light rust in less than a min- 
ute. Heavy rust and multiple paint 
layers usually require a few minutes 
immersion. Turco alkaline rust re- 
mover contains no cyanide compounds 
and does not require complicated elec- 
trolytic equipment. Metals derusted 
are no more subject to rusting than is 
new metal, 
For further information circle No, 1441 
on literature request card, page 32-B. 


Roll Leveller 

F. A. Woehr Machine Co. has an- 
nounced a roller leveller for use in 
fabrication operations. Its 11 alloy 
steel rolls flatten mild steel, hard- 
tempered steel, stainless steel, alumi- 


num, brass or copper, in widths up to 
42 in. and in gages from 0.020 to 
0.093. It may be used for straighten- 
ing sheet stock, coil stock, producing 
cut lengths of flat sheet from coil and 
for work annealing 
steel. This machine operates at a 
standard speed of 56 ft. per min. 
Power source for the roller leveller is 
a gear-head, single-speed motor. 

For further information circle No. 1442 
on literature request card, page 32-B, 


deep drawing 


Creep-Rupture Tests 

A new multiple creep-rupture test- 
ing machine of the lever type, in 
which four specimens can be held 
simultaneously under loads up to 4000 
Ib. has been announced by Baldwin- 
Lima-Hamilton Corp. A special four- 


Can 0.0005 inch 
precision strip simplify 
your product design? 


From 0.0005 in. to 0.040 in. 
thick and 0.090 to 6 in. wide, 
these alloys are available as 
special-tolerance strip: 


Beryllium Copper 
Phosphor Bronze 
Nickel Silver 

Brass 

Chromium Copper 
Stainless 17-7PH 
Invar 

Magnetic: High Nickel 


Some immediately available. 
Others rolled to order in 2 
to 21 days. Can be supplied 
in coils or straight lengths 
with slit or filed edges 

also cadmium plated. 


Write for Bulletin 7 
TODAY. 
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specimen electric furnace under auto- 
matic temperature control will hold 
specimens at any temperature up to 
1800° F. Running time counters total 
to 10,000 hr. in 0.1-hr. intervals. 

For further information circle No, 1443 
on literature request card, page 32-B. 


Furnaces 

A new suspended hearth-type fur- 
nace with radiant tube heating has 
been announced by Surface Combus- 
tion Corp. Suction-type radiant tubes 
prevent contamination of prepared 
atmosphere. Operating temperatures 
are from 1400 to 1700° F. The snap 
hearth furnace is applicable to clean 
hardening, dry cyaniding and carbon 
restoration. 
For further information circle No. 1444 
on literature request card, page 32-B. 


Ultrasonic Cleaning 

General Ultrasonics Co. has an- 
nounced a new ultrasonic transducer 
for cleaning, degreasing, pickling, 
plating, and other physical and chem- 
ical processes. It is completely sealed, 
metal jacketed, stainless steel lined 
and thermostatically protected. Pro- 
vision is made for draining and re- 
circulating process liquids during 


in 
aS 


operation. The treatment chamber is 
20 in. long, 8 in. wide and 6 in. deep 
with a liquid capacity of 2% gal. 

For further information circle No. 1445 
on literature request card, page 32-B. 


Control 
Industrial Electronics has  an- 
nounced a new electronic control in- 
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strument for use with sensing ele- 
ments, which are built into the gage 
heads for automatic measuring appli- 
cations such as gaging and sorting, 
weighing, pressure control, fatigue 
testing, inspection, and thickness con- 
trol. Control is provided by means of 
two power relays, which can be ad- 
justed to operate at any desired con- 
trol point, and on any of the four 
sensitivity ranges. These relays can 
be made to operate on plus or minus 
tolerances, two successive plus toler- 
ances or two successive minus toler- 
ances, by internal switching. 

For further information circle No. 1446 
on literature request card, page 32-B. 


Endothermic Generator 

A new, reversible, endothermic gas 
generator with self-cleaning action 
has been announced by Connecticut 
Gas Atmospheres. Different models 
will handle from 600 to 800 cfh. Cool- 
ing of gas is accomplished by two 
heat exchangers. 


For further information circle No. 1447 
on literature request card, page 32-B. 


Microhardness Tester 

A new combination microhardness 
tester and metallurgical microscope 
of the nondestructive type has been 
announced by the Sheffield Corp. It 
has a load-weight range of from 25 to 
1000 g. and requires only 1 min. for a 
complete test cycle. Interchangeable 
vise accessories permit it to be used 
for testing small precision ground or 
lapped parts, small diameter wires, 
very thin materials or material coat- 
ings, thin sheet stock, cutting tool 


edges and ball bearings. Surface fin- 
ishes of 40 rms. or less can be in- 
spected, and indentations of 0.0004 in. 
or smaller can be measured to an 
accuracy of 0.00008 in. When the in- 
strument is used as a metallurgical 
microscope, the interchangeable ob- 
jective lenses provide magnifications 
of 200 and 400 times. 

For further information circle No. 1448 
on literature request card, page 32-B. 


Meter Cabinets 

A new weather-tight case for bear- 
ing monitors and other controls con- 
taining contact meter-relays has been 
announced by Assembly Products. The 
upward-swinging front is gasket 
sealed and of aluminum construction. 
Electrical connections are made with 
weather-tight connectors or conduit. 
The cabinet protects meter-relays 
used in moisture laden atmospheres, 
where steel chips and other materials 
might damage the instruments, where 
mild chemicals are present or in out- 
door locations exposed to the weather. 
For further information circle No. 1449 
on literature request card, y ge 32-B. 


Demineralizer 

Demineralized soft water, equiva- 
lent in ionic purity and softness to 
triple distilled water, is now available 
right from the tap with the new Enley 
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Charging — the electric furnace takes all forms of scrop . . . starts up and shuts down at o moment's 


notice . . . has low initial and operating costs that yield quickest return on investment dollar. 


x, 
i 


FLEXIBILITY— 


99 hours from order 
to finished product 


N the basis of flexibility alone, the electric are furnace is a 
contender for the title of number one tool of modern steel- 
making. No other method of steel production offers such a wide 


variety of advantages: 


@ Ease and speed of start-up and shut-down — adapts instantly 


to market conditions. 


e Maximum latitude in slagging practice — widest variety of 


product, 
@ Less space per ton of capacity — lower plant investment, 


e Maximum. equipment availability wider distribution of 


fixed costs. 


@ Low initial cost, low operating and labor costs — quickest 


yield on investment dollar. 


@ Adapts to custom or production runs — handles large and 


small orders with equal facility. 
@ Utilization of all types of s« rap — lower cost of metallics, 


@ Top quality of product from stainless grades to carbon steels 


improves Competitive position, 


Growth of electric furnace output during the last ten years — 80% 
of which is in the field of carbon steel production — points to the 
many advantages the are furnace process offers all steelmakers, 
both in integrated and non-integrated plants. 

A typical speciality mill such as Rotary Electric Steel Company 
in Detroit, Michigan, is actually a closely knit unit, each of whose 
appendages is highly sensitive to the requirements of its function 
within the whole. The efficiencies of a manufacturing assembly 
line are present, but obscured to the inexperienced eye by the 
magnitude and scope of the operation. 

What seems a ponderous, even a leisurely undertaking is really a 
network of split-second coordinations. It must be so. In the elec- 
tric furnace steel industry, where the wage bill is a smaller per- 
centage of operating cost than in most industries, lost product 
even more than lost man-hours — means big money. No effort is 
spared to make every melt as perfect as technology and experience 
can insure. 

How can the relatively few electric furnace steel-mills in this 
country turn out the huge tonnages of finished and semi-finished 
product that are needed to supply thousands of processors, 
finishers, fabricators, assembly shops and parts and produc Is 


manufacturers 7? 
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Tapping 
carbon steel... improve competitive position through greater adaptabil ty 


electrics assure top quality product from stainless grades to 


to market conditions... offer maximum latitude in slagging practice... 


widest range of product. 


Melting 


the electric furnace equal, in output, to an open hearth 


short melt cycles — from 5 to 7 hours make 


of several times its nominal capacity. Electrics occupy less 
space, provide maximum equipment availability . . . wider 


distribution of fixed costs. 


The answer lies in their flexibility. Flexi- 
bility, not only to operate at a constantly 
changing percentage of capacity to suit 
changing market conditions: but the ability, 
as well, to make that operation serve the 
most widely divergent and changing require- 


ments of individual customers. 


Let's say you're manager of a jobbing 
machine shop in the Detroit area, turning 
out specialities from stainless, alloy and car- 
bon bar stock, Suddenly, you're up to your 
belt buckle in orders and nearing the end 


of your raw materials inventory which is 


= 
~ = 


never very large. You can't wait for the mails 


and for ordinary processing of your inquiry. 


You are faced with the costly prospect of 


idle men and machines, 


You call Rotary Electric. The Time is 
10:00 AM. In a matter of minutes, your 
order is analyzed by the Order Service De- 
partment, First. inventory is checked 


nothing available in billet form for your job. 


Teeming — covtiously the high quality, electric furnace stee! is poured from ladle 


to ingot mold. Ceramic hot tops insure a sound ingot with minimum crop loss, 


Next. the current melt schedule is investi- 
gated — there is a heat of suitable analysis 
due to be poured the following day with suffi 
cient overage to make a part shipment on 
your 20-thousand pound order, Now we're 


getting somewhere! The Time is 10:07 AM, 


The order is written in a specially devel 
oped business nae hine order section whir h 


Ly pes and codes all pertinent information 


Soaking Pit — Slowly the ingot rises from 


available at this time, from date of order to 
the data needed for automatic invoice 
preparation, This formerly time-consuming 
paper work now requires just nine minutes, 


The Time is only 10:16 AM. 


From here on, the order travels with the 


steel, The Metallurgical Department proc- 


esses it, entering instructions from previous 
orders, including the chemistry of the steel, 
sequence of operations, special finishes, 


packaging and shipping instructions. The 


its bath of fire, properly heat-conditioned for the next operation, 


Time is 10:20 AM. Simultaneously, the Pro- 
duction Department makes a note to remove 
this quantity of steel from inventory and 
the Scheduling Department arranges for 
rolling the steel which is coming through 


early the following morning. 


After careful appraisal of other mill com- 
mitments, every possible readjustment of 
the schedule is made to accommodate this 
emergency order. The ingot is poured at 
12:05 Midnight. By 8:10 AM of the second 


Ke 
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Blooming Mill — the ingot is rolled into a billet... 


day, it has left the soaking pit. Quickly it 
passes through the blooming mill, is pickled, 
conditioned, reheated and rolled into a bar 


by 8:00 that evening. 


Annealed and ready for cold finishing 
32 hours later, the order is inspected and 
shipped at 1:00 PM of the fourth day — ex- 
actly 99 hours from time of the telephone 
call and starting from scratch. The remain- 
der of the order will be shipped two weeks 


from date of receipt, 


That's how the flexibility of the electric 
furnace steel mill works for its customers to 
contribute its giant share to the prosperity 


and comfort of the consuming public. 


_ which becomes a smaller and smaller square 
and, finally, in the bar mill, a finished round. 


. 
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Annealing — Here normalizing temperatures ease the stresses set up by mill-work . . . prepare 
the finished bar for ultimate machining, forming, forging or welding operations. Once again, 
flexibility of the electric fur }e steel shop proves its ability to deliver the goods — fast! 


All photographs courtesy of Rotary Electric Steel Company, Detroit, Mich. 


The term "National" is a registered trade-mark of Union Carbide and Carbon Corporation 
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30 East 42nd Street, New York 17, N.Y. 
IN CANADA: National Carbon Company 
Division of Union Carbide Canada Limited, Toronto 
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, Diamond in the rough 


This 42,000 pound Fink! FX die nearing completion at the Ladish 
Co., Cudahy, Wisconsin, will be utilized by that firm in drop forging 
1681 pound close tolerance aircraft propeller blades. FX is but one of 


many Finkl steels available for forging operations, all of which are 
quality controlled with “built-in” characteristics required for precision 
production. For the proper die steels to fit your needs, ask your local 
Finkl representative or write for the Fink! catalog. 

When you next consider hot work tooling, die blocks, or forgings, 
call on Finkl for “impressions that last.”’ 


Offices in: DETROIT + CLEVELAND + PITTSBURGH + INDIANAPOLIS 
HOUSTON + ALLENTOWN ~ ST. PAUL + COLORADO SPRINGS 


SAN FRANCISCO + SEATTLE + BIRMINGHAM + KANSAS CITY 
Warehouses in; CHICAGO + EAST CAMBRIDGE + LOS ANGELES 


Finkl Sons Co. 


2011 SOUTHPORT AVENUE+ CHICAGO 14 
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THE ZIPPO FLIP 


HINGES SEYMOUR 


Every day, millions of world-famed 
ZIPPOS repeatedly “flip their lids” to 
provide bright flames for smokers. To 
take the punishment of uncounted open- 
ings and closings, each lighter is fitted 
with a smooth-working hinge made of 
SEYMOUR NICKEL SILVER. 

SEYMOUR NICKEL SILVER is a key in- 
gredient in many fine products because 
it combines beauty and durability. Its 
lustrous, silvery color is corrosion-re- 
sistant and long-lived. Its malleability 
and ductility are ideal for extensive 
forming and drawing operations. Its 
high quality is constant and dependable. 
For these reasons nickel silver users 
everywhere say... 


“Specify Seymour...you KNOW it’s good!” 


x 


® 


THE SEYMOUR MANUFACTURING COMPANY 


10 Franklin Street, Seymour, Connecticut 
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“pup”, according to Enley Products, 
Inc. It can be attached to any water 
outlet. No heat or power is required 
for operation. It is available in vari- 
ous sizes to provide from 300 to 3000 
gal. of water before regeneration and 
up to 12,000 gal. when used in series. 
For further information circle No. 1450 
on literature request card, page 32-B. 


Miniature Head for 
Thermocouples 

The Marlin Mfg. Corp. has an- 
nounced a new screw-type connection 
head for thermocouples, electric heat- 
ing elements or 
swaged, magnes- 
ium oxide, insu- 
lated conductors. 
Stem sizes adapt- ~ 
able to the new \ i 
connector head 
are 1/16, %, 3/16 
and % in. These 
new sizes will provide a screw-type 
connection between the small gaged 
thermocouple wires and the larger 
gage lead wires. Operating tempera- 
tures range up to 500° F. 


For further information circle No. 1451 
on literature request card, page 32-B. 


Heat Treating Furnaces 

The Sentry Co. has announced their 
size No. 2 model Y electric high speed 
steel hardening furnace. This furnace 


uses the diamond block method of at- 
mosphere control to prevent scaling 
and decarburization during hardening. 


For further information circle No. 1452 
on literature request card, page 32-B. 


Finishing Aluminum 

New applications for cutting and 
coloring aluminum by bar and liquid 
buffing compounds have been an- 
nounced by Hanson-Van Winkle- 
Munning Co. Two liquid compounds, 
tripoli 303 and 420, have proven 
effective in heavy duty cutting in the 
aluminum pot and pan industry, and 
liquid tripoli 728 is applicable to the 
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appliance, storm window and automo- 
tive fields. Several tripoli bar com- 
pounds meet specific requirements for 
cutting down aluminum. For cut and 
color, white compounds are available 
and where high color is a requisite, 
aluminum-oxide compounds are rec- 
ommended. 


For further information circle No, 1453 
on literature request card, page 32-B. 


Gas Generator 

Ipsen Industries has announced an 
endothermic atmosphere generator 
featuring automatic dew point con- 
trol of the base 
generator gas. By 
interlocking an 
automatic dew 
point controller 
with the genera- 
tor, a narrow dew 
point range is 
maintained by 
regulation of the 
air/gas ratio to 
the reaction tube. 
This results in 
automatic control 
of the prepared 
base gas analysis 
with changing 
humidity and 
variations in anal- 
ysis and pressure of the line gas. 
This control also minimizes the tend- 
ency to over-supply hydrocarbon which 
would be deposited on the catalyst, 
thus considerably reducing the number 
of periodic burn-outs and mainte- 
nance. 


For further information circle No. 1454 
on literature request card, page 32-B. 


Test Chamber 


An environmental test chamber 
with an overhead door has been an- 
nounced by American Research Corp. 
The altitude-temperature-humidity 
chamber may be installed in a loca- 
tion where there was insufficient room 
to swing a conventional door open. 
The air cylinder which raises and 
lowers the door is counterbalanced, 
so that in case of air failure, the door 
will not open or close from any posi- 


Kinetics Corporation uses High Vacuum Equipment 
Corporation furnaces for brating assemblies woh 
os the above 


Vacuum brazing lends itself to difficult 
brazing problems as well as improving the 
quality of regular brazing work. Brazing 
cycle can be cut by '/. You get bright, 
homogeneous bonds and highly ductile 
joints which closely approach the strength 
of the parent metal. The process is ideal for 


brazing the new high temperature alloys. 


No Danger of Nitriding! 
No Fluxes Required! 
No Purging with Inert Gas! 


Vacuum brazing simplifies production be- 
cause fewer steps are required. Due to out- 
gessing during the brazing process, the 
characteristics of the entire structure are 
markedly improved. 


Write to HIVAC for valuable intorma- 


tion on vacuum brazing . . 


. and on vacuum 
melting, heat treating, sintering, metallizing, 
impregnating or crystal growing. 


VACUUM 


Equipment Corporation 
349 Lincoln St., Hingham, Mass 
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tion. The cabinet is available from 
5 to 64 cu. ft. It will simulate alti- 
tudes from sea level to 100,000 ft., 
temperatures from —100 to +500° F., 
and relative humidity from 20 to 95%. 
For further information circle No, 1455 
on literature request card, page 32-B. 


Metal Identification 

A light weight, completely assem- 
bled metal testing kit has been an- 
nounced by Spot-Testers, Inc. The kit 


contains the necessary solutions to 
identify the following metals and 
their alloys: aluminum, copper, tin, 
nickel, manganese, phosphorus, iron, 
steel, molybdenum, cobalt, lead, anti- 
mony, zinc, cadmium, Monel, cupro- 
nickel, stainless steels, precious and 
semiprecious metals. It comes with 
all necessary instructions and a set 
of metal standards. 

For further information circle No. 1456 
on literature request card, page 32-B. 


Heating Station 

A new remote heating station for 
use in conjunction with control sta- 
tion and motor generator equipment 
of either 960, 3000 or 9600 cycles and 
ranging in power output from 30 to 
800 kw. is offered by the High Fre- 


quency Heating Div., Lindberg Engi- 
neering Co. The unit will provide 
output flexibility for a wide variety 
of metal heat treating and fabricat- 
ing operations. The station has been 
designed with extra heavy bus bars 
which are arranged for easy installa- 
tion and removal of output trans- 
former. Capacitor racks of rugged 
nonmetallic construction are arranged 
for convenient removal of capacitors 
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and accessibility of capacitor connec- 
tions and provide ample mounting for 
a total of eight power factor correc- 
tion capacitors. The station is 40 in. 
wide by 40 in. deep by 61 in. high. 


For further information circle No. 1457 
on literature request card, page 32-B. 


Ultrasonic Degreasers 

The first of a new series of ultra- 
sonic degreasers has been announced 
by the Industrial and Scientific Prod- 
ucts Div. of Curtiss-Wright Corp. 
The unit is 24 x 10 x 18 in. deep and 
can accommodate work pieces & x 8 x 
10 in. Two cleaning stages are fea- 
tured — vapor degreasing and ultra- 
sonic solvent cleaning. Built-in com- 
ponents consist of pump, filter, solvent 
spray, heater, thermostats and vapor 
condenser. Ultrasonic power up to 


500 watts at 40 ke. frequency is avail- 
over an area of 7x9 in. The 


able 


equipment operates from the 110 v., 60 
cycle power line, and consumes ap- 
proximately 2500 watts maximum. 


For further information circle No. 1458 
on literature request card, page 32-B. 


Brazing Furnace 

Waltz Furnace Co. has announced 
a continuous brazing and sintering 
furnace. The cooling chamber at the 
back is 2% times the length of the 
heating chamber. There are gas cur- 
tains at the entrance door and the 
exit end of the cooling chamber. The 
entrance end has a preheating hood in 
front of the actual door to the furnace. 
The heating chamber is 12 in. wide by 
8 in. high by 48 in. long. The furnace 
is heated to 2300° F. by eight Globar 
units mounted vertically, four on each 
side. The maximum input is 35 k.w. 


For further information circle No. 1459 
on literature request card, page 32-B. 


Laboratory Equipment 
United Carbon Products Co. 
announced preformed high-purity 
graphite crucibles, boats and funnels 
for research and development. They 
are used in vacuum fusion analysis, 
manufacture of transistors and in 
many special metallurgical studies 
and applications. They are machined 
to close tolerances and produced in a 
variety of standard sizes. 
For further information circle No. 1460 
on literature request card, page 32-B. 


has 


Blower 

General Blower Co. has announced 
a new blower capable of delivering 
2650 cfm. It is designed for oil burner 
operation. The blower lends itself to 
multiple burner and multiple outlet 


applications. It may be supplied with 
wheels made from aluminum, mild 
steel or stainless steel. Performance 
chart on the unit shows a relatively 
flat static pressure curve. 

For further information circle No. 1461 
on literature request card, page 32-B. 


Inspection 
A new magnetic particle inspection 
device that requires no electrical 


power has just been announced by 
Magnaflux Corp. Since electric arcing 
is impossible, YM-5 makes practical 
the inspection of critical parts or 
welds in hazardous areas such as 
refineries, chemical plants, and explo- 
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sives. The kit comes complete with 
a metal storage and carrying case, 
and total kit weight is only 22 lb. The 
permanent magnet elements are alnico 
and the magnetic pull is over 40 Ib. 
on a flat surface. 


For further information circle No. 1741 
on literature request card, page 32-B. 


Aluminum Melting 

Eclipse Fuel Engineering Co. has 
announced a new aluminum melting 
furnace of nontilting type with auto- 
matic loading tray. Burners fire ver- 
tically from the furnace roof. The 


roof hangs from the furnace frame 
and does not bear on the side walls; 
thus the sidewalls can be rebricked 
without disturbing the arch. A pack- 
aged control center is furnished which 
includes two indicating controllers, 
one for each burner. 


For further information circle No. 1742 
on literature request card, page 32-B. 


Finishing 

A new eight-door stationary-fixture 
finishing machine designed primarily 
for coloring of aluminum castings 
has been announced by Roto-Finish 
Co. The new machine has a door on 
each flat of a single compartment 
cylinder. Fixture pads are attached 
to the octagon side walls of the com- 
partment just inside the door opening. 
Fixtures are in the form of grids, 
which fit the attached pads. Process- 
ing compartments vary in size up to 
48 in. long and 42 in. in diameter. 
Most suitable size is a compartment 
82 in. long and 42 in. in diameter. 
The latter size, used for coloring 
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BRANCHES 
Detroit 27, Mich 
14643 Meyers 
Eagle River, Mich 
Indianapolis 2. ind, 
633 Fulton Street 
ouls 6. Mo 
1617 North 7th Street 
15. Wis. 
fede 12. Ot die block, and 
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For Forging ALUMINUM - COPPER - STEEL 


For forging ALUMINUM, COPPER and STEEL. Reports 


users claim as much as 30% IN- 


CREASED PRODUCTION OVER ORDINARY TYPES OF 
4. A large Midwest Forge concern has 


134,000 PIECES WITH 30% OF DIE 


LIFE REMAINING, as compared to average of 66,000 pleces 


with 50% LESS DOWN-TIME FOR 


@ Upsetters—Hot 


Forging Presses—Hot @ Extrusion Presses—Hot and Cold 
FREE LITERATURE—PERSONAL EXPERT ATTENTION UPON REQUEST 


ZIV STEEL & 


2945 W. Harrison St. Race 


WIRE CO. 


maak CHICAGO 12, ILL. 


Completely AUTOMATIC PROCESS CONTR 


through off-on or proportioning, high limit or stepless 


control action with secondary switching provisions! 


G nln, Model JG Series 
Versatile, Indicating, Pyrometric 


PROGRAM CONTROLLERS 


@ Maintains extremely accurate time- 
temperature relation through broad 
range. 

@ Automatically repeats identical cycle 
for thousands of operations. By 
replacing com the same instruments 


See how this new instrument can help your 
work. Write for Model JG Series and data 
on ovr complete line. Also available, 32-poge 
thermocouple and accessory bulletin 


4357 W. MONTROSE AVE 
CHICAGO 41, ILLINOIS 


| 


| 
_ 
oy 


may be used for different times 
femperature programs. 


@ Works with choice of 4 types of 
basic control. 


@ Requires no warm-up, tuning; less 
maintenance 


CORPORATION 
SALES OFFICES IN PRINCIPAL 


= a 
of TIME-TEMPERATURE CYCLE 
| 
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says this 


user 


“We like this designed-in-service”’ 


y 
General riveters, i 


At the Plant Of General Riveters, Inc., in Buffalo, 
N. Y., this electric furnace, with Inconel muffle and Norton 
CRYSTOLON*® heating elements, is used in heat treating, to 
bring out the magnetic properties of Vicalloy metal, a com- 

onent of hysterises type clutches for airborne equipment. 
Soskenel and built by the Edward G. Pierson Co. of Grand 
Island, N. Y., the furnace has given maintenance-free service 
since its installation over two years ago. The original “Hot 
Rods” installed are still delivering top performance. 


CRYSTOLON heating elements, or “Hot Rods” are a typical Norton 
— an expertl ipti i 

economy in p Sore - furnace and kiln operation. Made of self-bonded silicon 
carbide, each rod has a central hot zone and cold ends. Aluminum-sprayed 
tips and metal-impregnated ends minimize resistance and power loss. Avail- 
able in standard sizes and interchangeable with your present rods. 


WERTEL 


ve, 


Twx 529 


Mr. Warren p January 6, 1956 
Norton Company Prt 


Worcester 6, Mass 


Dear Mr. Davenport: 
We are happy to 


heating You that Norton 
ent 
uilt for Service. In a 


These Nort 

Hot Rods" have alr 

single failur 
ements bought 

furnace have Rover he 


This 
like. 


y two years 
en used, 


ind of designeq- 


8Z0 with the 


in service we 


Very truly yo 
GENERAL RIVETERS’ Inc 


T. H. Speller, 


Presiden 


engineered refractory prescription for greater efficiency he 


Proved ‘‘Hot Rod’’ Advantages 


You save in element costs, because you 
use far less “Hot Rods.”’ Many plants 
report they outlast other non-metallic 
heating elements up to 3 to 1! This also 
means less maintenance time spent in 
changing elements and voltage taps. 
Also, ‘Hot Rods” heat more uniformly, 
due to their slow, evenly matched rate 
of resistance increase. This helps pro- 
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tect product quality and maintain a 
smooth production flow. 

For further facts on how “Hot Rods” 
can help improve your furnace opera- 
tions and cut costs, send for booklet, 
“Norton Heating Elements.” Norron 
Company, Refractories Division, 325 


New Bond Street, Worcester 6, Mass. 


*Trade-Mork Reg. U. S. Pot. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Engineered... Ky... Prescribed 


fo make your products better 
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© Edward G. Pierson Co. they 
ave helped Climinate the maintenance we have . 
; ~ always ©xperienced With other electric and 
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eady lasted 
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aluminum castings with steel balls, 
uses a 7% hp. drive equipped with 
automatic reversing electric controls. 


For further information circle No. 1743 
on literature request card, page 32-B. 


Testing Equipment 
Strain cycles occurring within six 
different levels can be totaled with a 


strain cycle counter announced by 
Franklin Elec- 


paratus incorpor- 

ates a_ self-bal- 

and counters to 

register strain cycles as low as 500 


tronics, Inc. This 

new recording ap- ao 

ancing strain 

gage bridge, 

servo amplifier 

psi. Mechanical loading and fatigue 
data occurring in automotive equip- 
ment, aircraft, ships, railroad rolling 


stock and structures such as buildings, 
bridges and trestles can be collected 
under actual operating conditions. 


For further information circle No. 1744 
on literature request card, page 32-B. 


Recorder-Controller 

self-balance recorder-controller 
for application in a wide range of 
industrial process operations has been 
announced by Robertshaw-Fulton 
Controls Co. The new instrument was 
designed primarily for the measure- 
ment and control of levels of liquids, 
granular solids, interface and other 
conducting or nonconducting sub- 
stances. Because it is of the capaci- 
tance type, the new instrument may 
be used for other process variables, 
such as moisture content or composi- 
tion, which cause a direct change in 
dielectric constant. Electrical and 
pneumatic control forms can be in- 
corporated within the single housing. 


For further information circle No. 1745 
on literature request card, page 32-B. 


Burnishing Barrel 

A new portable Merci! burnishing 
barrel has been announced by Hanson- 
Van Winkle-Munning Co. The barrel 
is made of Plexiglas and is 8 in. in 
diameter and 8 in. long. It is powered 


by a 1/18 hp., 5000 rpm., 115 v. motor. 
The barrel can handle 5 to 10 Ib, of 
work and 20 to 25 Ib. of balls. 


For further information circle No. 1746 
on literature request card, page 32-B. 


Pyrometer Housings 

A standard explosion proof housing 
for pyrometers has been announced 
by West Instrument Corp. It is de- 
signed to meet U.L. specifications for 
Class 1 Group D hazardous locations. 
Its cast iron body is bolstered at test- 
shown stress points and holds a 1% 
in. thick block of clear safety glass. 
The large area of this glass, 4 x 6 in. 
permits constant view of the scale 
and pilot lights. An external tem- 
perature setting knob is provided so 
the cover does not have to be removed 
to change the control point. 
For further information circle No, 1747 
on literature request card, page 32-B. 


KENTRALL Hardness Tester 


MAKES BOTH 
Superficial & 
Regular Tests 


HANDLE 
EXTRA-TOUGH 
| THERMOCOUPLE 
WIRE JOBS WITH 


"Conamo 


“Ceramo” does the jobs too tough for ordinary 
thermocouple wire. “Ceramo’ construction — ther 
mocouple elements and inert metallic oxide insula- 
tion encased in a seamless metal sheath— 
has resulted in a wire of unusual durability. 


Thoroughly proven in the field over the past two 
years, the KENTRALL makes all Superficial Rock- 
well tests (15, 30 and 45 kg. loads), as well as all 
Regular Rockwell tests 

(60, 100 and 150 kg. 

loads). 


Basically rigid, “Ceramo” can be bent on 
an extremely small radius without shorting or 
grounding. Enclosed thermocouples 
last longer and respond faster than con- 
ventional types. Available in all stand- 
ord calibrations. Depending on con- 
ductors and sheath material, “Ceramo” 
can be used up to 3000°F. Sheath 
for 1/C wires—Stainless 
Steels, Inconel, tantalum and 
platinum. For T/C exten- 
sions — copper-nickel atloy, 
plain or galvanized cold- 
drawn steel. 


WRITE FOR 
BULLETIN 31-300-H. 


Thermo Electric G.ac 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 


Want complete infor- 
mation? Write for Bul- 
letin RS. 


The 
Torsion 
Balance 


cmfiany 
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oid best on every point 
—« ...and among high speed steels 
the top performer is REX 


To leap the hurdle of competition, a product needs 
performance born of quality. And Crucible’s REX® 
high speed steel has it — in accurate size . . . sound 
uniform structure . . . dependable response to heat 
treatment ... optimum tool performance. 

Now, thanks to improved manufacturing tech- 
niques, REX is even better — more uniform. Put it 
to work on your next job, and you'll quickly know 
why REX is today, as it has always been — the 
standard by which all other high speed steels are 
compared. 

Call for REX at your local Crucible warehouse. 
Or order it directly for prompt mill delivery. And 
for a list of available data on REX and other 
Crucible special steels, write now for a free copy of 
the “Crucible Publication Catalog’’. Crucible Steel 


Company of America, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa. 
E UJ C i LE} first name in special purpose steels 


Crucible Steel Company of America 


Canadian Distributor — Railway & Power Engineering Corp., Lid. 
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1464. Alloy Castings 
Bulletin 3150-G on castings for heat, 
corrosion, abrasion resistance. Duraloy 


1465. Alloy Castings 


8-page bulletin on alloy castings for 
heat treating. Ohio Steel Foundry 


1466. Alloy Castings 


Data folders on two types of alloy steel 
castings. Composition, properties, harden- 
ability bands, uses. Unitcast 


1467. Alloy Steel 

Data book on the selection of the 
roper alloy steel (reser for each manu- 
acturer’s needs. Wheelock, Lovejoy 


1468. Alloy Steel 


Comparative tables of SAE and AISI 
standard steels and tentative standard 
steels. Babcock & Wilcox 


1469. Alloy Steel 

14-page bulletin on two chromium- 
nickel alloy steels. Properties, working 
instructions, heat treatment, recom- 
mended uses. Carpenter Steel 


1470. Steel 

207-page book gives more than 5 
complete ease histories of alloy steel 
usage. Climax Molybdenum 


1471. Alloy Steel 


40-page book on applications of heat 
treated, special alloy steel. Jones & 
Laughlin 


1472. Alloy Steel 

16-page book on type 9115 low-alloy 
high-strength steel. operties, fabrica- 
tion, welding. Great Lakes Steel 


1473. Alloy Steel 

32-page book on abrasion resisting steel. 
Properties, fabricating characteristics, 
uses. U. S. Steel 


1474. Aluminum Die Castings 
Bulletin on design and manufacture of 
aluminum die castings. Hoover Co. 


1475. Aluminum Extrusions 
Data on commercial aluminum extru- 
sions. Superior Industries 


1476. Aluminum Heat Treating 

8-page Bulletin 5912 on solution heat 
treating, annealing, stabilizing and aging 
of aluminum. General Electric 


1477. Annealing Copper 
Reprint 55-D on how to anneal copper 

tubing. Furnaces, contamination control, 

brightening. Surface Combustion 


1478. Atmosphere Furnace 
Bulletin on controlled atmosphere fur- 
nace. Industrial Heating Equipment 


1479. Annealing Furnaces 

8-page illustrated booklet on continu- 
ous annealing furnaces. Schematic dia- 
grams, photographs, and actual produc- 
tion data. Drever 


1480. Atmosphere Furnace 
Information on mechanized batch-type 
atmosphere furnaces for gas cyaniding, 
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new 
literature 


oe carburizing, clean hardening or car- 
ym restoration. Dow Furnace 


1481. Atmospheres 

12-page booklet on design and use of 
special atmospheres for industrial fur- 
naces. Continental Industrial Engineers 


1482. Atmospheres 


12-page bulletin on use of protective 
atmc eres to prevent deterioration of 
metals during various heat treating proc- 
esses. General Electric 


1483. Atmospheres 


Bulletin 439 on exothermic atmosphere 
generators for converting natural gas, 
manufactured ps propane or butane. 
W. S. Rockwel 


1484. Bearings 

20 data sheets give special properties 
and case histories for new Rulon oil- 
free bearing material. Dixon Corp. 


1485. Beryllium Copper 

12-page Bulletin 6 on advantages of 
beryllium copper and suggestions for 
ordering, including alloys, condition and 
temper, tolerances. Penn Precision Prod- 
ucts 


1486. Beryllium Copper 
Springs 
New 4-page bulletin on use and advan- 
tages of beryllium copper in new vibra- 
tion damping device. Beryllium Corp. 


1487. Bimetal Applications 

New 44-page booklet, “Successful Ap- 
plications of ermostatic Bimetal”, con- 
tains uses, formulas, calculations. W. M. 
Chace 


1488. Black Oxide Coatings 

8-page booklet on black oxide coatings 
for steel, stainless steel and copper alloys, 
Du-Lite 


1489. Blast Cleaning 

Bulletin 227 on airless blast cleaning 
machine. Features of construction, sizes, 
how it operates. Pangborn 


1490. Brazing 
New bulletin on low-temperature braz- 
ing and its uses. Handy and Harman 


1491, Burner 


Bulletin 214 on dual-fuel burner for 
ovens, kilns, driers, forge furnaces, heat 
treating and malleabilizing furnaces. 
North American Mfg. 


1492. Burners 


8-page bulletin on ribbon gas burners 
for continuous heat processing. Selas 
Corp. 


1493. Calibrating Machine 


Bulletin 115 on calibrating system for 
accurate measurement of mechanical 
forces. Morehouse Machine 


1494. Carbides 

84-page catalog of sintered carbides, 
hot pressed carbides, cutting tools, draw- 
ing dies, wear resistant parts. Metal 
Carbides 


1495. Carbon and Graphite 

20-page catalog on carbon anc praphite 
epptications in metallurgical, e ical, 
chemical, process fields. National Carbon 


1496. Carbon Control 

Bulletin C-22 and reprint on Carbo- 
tronik for automatic control of carbon 
potential of atmospheres. Ipsen 


1497. Carburizing 

16-page booklet on gas-carburizi 
processes and equipment. Discussion 
suspended carburization, carbon restora- 
tion. Surface Combustion 


1498. Carburizing 

Data folder on Aerocarb E and W 
water-soluble compounds for liquid car- 
burizing. Case depth vs time curves. Per 
cent carbon and nitrogen penetration 
curves. American Cyanamid 


1463. Steels 

64-page pocket-sized hand- 
book gives analysis and heat 
treatment data for Crucible high 
speed, hot work, die casting, 
plastic molding, air, oil, water 
hardening, and stainless steels 
and welding electrodes. SAE- 


AISI 
alloy steels TS steels, H steels 
and boron steels are also in- 
cluded. Further useful data con- 
sists of temperature conversion 


standard carbon steels, 


tables, standard wire gages in 
decimal equivalents, hardness 
conversion charts and fraction- 
decimal Crucible 


Steel Co. 


equivalents. 


1499. Casehardening 
32-page booklet on casehardeni of 
steel by nitriding. Armour Ammonia Diw. 


1500. Cemented Carbides 
20-page booklet illustrates and describes 


all styles of standard blanks, boring tools, 
roll turning and milling cutter blanks, 
throw-away inserts and others. Grade 


selection chart. Firth-Loach Metals, Inc. 


1501. Chromate Finishing 
File on chromate conversion coati 
for prevention of corrosion and paint- 
base treatment of nonferrous metals. 


Allied Research Products 
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“Quality in our heat treating 


GULF SUPER-Q 


ee UALITY is not just a name with us. We 

Q carry it through every operation in the heat 
treatment of tools, dies, and precision parts for 
aircraft and automotive equipment,” says Mr. 
Mattson. “And much of the credit for our quality 
heat treating belongs to Gulf Super-Quench 
which delivers deep, uniform hardness without 
cracking or distortion.” 

The superior quenching power of Gulf Super- 
Quench assures deeper, more uniform hardening 
even on steels of variable hardenability and on 
parts with variable sections or odd shapes. This 


calls for 
Paitin tla 
“WUEI CH 


in our tanks” 


says Mr. Lloyd Mattson, owner, 


Quality Steel Treating Co. 
of Anderson, indiana. 


results in fewer rejects and a substantial saving 
in money. 

Another important reason for Gulf Super- 
Quench’s high rank among heat treating con- 
cerns is its ability to retain its fast dual quench- 
ing power indefinitely with only normal make- 
up. There is no need for additive replenishment. 

Perhaps a Gulf Sales Engineer can help you 
find opportunities to use Gulf Super-Quench 
profitably in your shop. Consult the telephone 
directory for the number of your local Gulf 
office. 


THE FINEST PETROLEUM PRODUCTS FOR ALL YOUR NEEDS 


GULF OIL CORPORATION 
1822 Gulf Building 


GULF REFINING COMPANY 
Pittsburgh 30, Pa. 
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1502. Cleaning 


Folder on di-phase cleaning gives 
equipment, construction features, spray 
and blow-off features, heating systems. 
Solventol 


1503. Cleaning Aluminum 

12-page bulletin on cleaning process for 
preparing aluminum and magnesium for 
welding. Northwest Chemical 


1504, Cleaning Compound 
Bulletin B-6 on water displacing com- 

pone for producing dry sur- 
ces. Apothecaries Hall 


1505. Cold Rolled Steels 
32-page booklet on stainless, alloy and 

carbon spring steels, and other special- 

ties. Melting, temper, finishes. Crucible 


1506. Cold Treatment 


8-page folder describes various models 
of industrial freezers and gives their 
ranges. Applications. Webber Mfg. Co. 


1507. Controllers 


46-page Bulletin 1120 on pneumatic 
contry and transmission systems. Pneu- 
matir controllers and how they work. 
Min: eapolis-Honeywell 


1508. Copper Alloys 
40-page book on eleven copper alloys. 
cleaning, annealing. Seymour 


1509. Corrosion Inhibition 
16-page booklet on sodium nitrite as a 
corrosion inhibitor in processing metals, 
water circulation stems, petroleum 
industry and others. Solvay Process Div. 


1510. Corrosion Prevention 

Full technical details on Turcoat 4178 
aluminum conversion coating that stops 
corrosion of aluminum, improves paint 
adhesion and provides an ornamental 
finish. Turco Products 


1511. Corrosion Protection 
New 16-page bulletin on corrosion proof 

construction materials includes sections 

on corrosion proof cements, tank linin 
rotective coatings and others. Atlas 
ineral Products 


1512. Cut-Off Wheels 
Folder gives data, operating suggestions 
and grade recommendations cut-off 


wheels. Manhattan Rubber Div. 


1513. Cutting Compound 

Bulletin No. 137 on cutting compound 
outlines major features. Magnus Chem- 
ical Co., Lubricants Div. 


1514. Cutting Oil 

Facts on more efficient and economical 
ad operation through use of right 
ubricants described in “Metal Cutting 
Fluids” booklet. Cities Service 


1515. Cutting Oil 

Bulletin 963 on transparent cutting oil 
which is designed for use on a wide 
variety of steels. Sun Oil Co. 


1516. Cutting Tools 

36-page booklet analyzes and compares 
carbon, high speed, cast alloy and carbide 
tool materials. Allegheny Ludlum 
1517. Cutting Tools 

New 4-page bulletin includes physical 
and mechanical properties and results 
of a series of mackining trials. Stupakoff 
Div., Carborundum Co. 


1518. Deecarburization 
8-page booklet on effects of decarburi- 
zation on tool steels tells what it is 
oo puns can be done about it. Carpenter 
tee 


1519. Degreasing 


34-page boc t on vapor degreasing. 
Design, installation, operation and main- 
tenance of equipment. Circo Equipment 


1520. Desecaling 
8-page bulletin on sodium hydride de- 
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scaling process for ferrous and nonferrous 
metals. Pont 
1521. Desecaling 


Brochure on sodium hydride descaling, 
its uses, advantages, typical reactions and 
necessary equipment. Ethyl Corp. 


1522. Dew-Point Recorder 


Bulletin 11-11 on dew-point systems for 
recording or controlling. Forboro 


1523. Die Casting 

24-page catalog describes die casting 
process, machines and products. Instruc- 
tions on installation of die casting ma- 
chines, designing and fabricating dies. 
DCMT Diecasting Machines 


1524. Die Castin 

New illustrated catalog on complete 
line of die casting machines. Kux 
Machine 


1525. Die Casting Machines 

New bulletin on model 400-N die cast- 
ing machine for aluminum, brass, magne- 
sium, zinc, lead and tin alloys. Cleveland 
Automatic Machine Co. 


1526. Ductile Iron 

New 28-page bulletin gives advantages 
and applications of ductile iron. Proper- 
ties. Nickel Co. 


1527. Dynamometers 

4-page folder on precision dynamome- 
ters for measuring traction, tension or 
weight. Capacities from 0 to 500 lb. to 
0 to 100,000 Ib. W. C. Dillon 


1528. Electric Furnaces 
Brochure on electric heat treating, 
melting, metallurgical tube, research and 
sintering furnaces. Pereny Equipment 
1529. Electric Furnaces 
Bulletin on electric heat treating fur- 


naces pres summary of progress in fur- 
nace developments. Holcroft 


1530. Electric Furnaces 

12-page booklet on research facilities 
for building and operating electric fur- 
naces. Electric Furnace Co. 


1531. Electric Furnaces 
Catalog of electric furnaces and ovens 
for hardening, tempering, annealing, 


drawing, baking, enameling. 
Cooley Electric Mfg 
1532. Electrolytic Metals 


New 4-page folder on analysis and 
specifications of electrolytic chromium 
and manganese Uses and properties, 
Electro Metallurgical Co 


1533. Electroplating 
Data sheet describes jet plater complete 
electroplating plant. Bart Messing Corp. 


1534. Electron Microscope 
20-page booklet on special features and 
uses of electron microscope. RCA 


1535. Expanded Metal 

4-page folder on small-mesh expanded 
metal. Weights, dimensions for various 
gages and strands. Penn Metal Co. 


1536. Extensometer 
8-page bulletin on extensometers for 
sheet metal and wire, compressometers, 


defectometers and other accessories. 
Baldwin-Lima-Hamilton 
1537. Extrusions 


New 20-page booklet on extruded +s 
and bar stock in beryllium copper, be 
lium aluminum and beryllium be 
alloys, beryllium metal and oxide. Beryl- 
lium Corp 


1538. Fabrication 
Booklet on welded steel heavy fabri- 


Carl Mayer Hi-Temp, Recirculating Type 
HEAT TREAT FURNACES 


effect large savings in drawing, tempering, ageing, and heat 
treating of such products as bearings, billets, springs, screws, 
tools, gears, etc. in steel or aluminum. Continuous operation 
at temperatures up to 1200° F. Temperature uniformity quar- 
anteed! Gas, oil, or electric fired. 


Write for Bulletin HT-53 


3030 EUCLIO AVENUE 


CLEVELAND 15 


OTHER PRODUCTS Core & Meld Ovens Red Paint end Covamte 


Drying Ovens + Sp 
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ARE YOU MACHINING when 


you should be SWAGING? 


SWAGING TRANSDUCER HOUSING 


How SWAGING cuts costs 80% 
on Transducer Housing 


The Cavitron Ultrasonic Dental Unit provides a marvelous new 
method for preparing cavities without noise, vibration and heat which 
contribute so greatly to dental pain and discomfort. Internal dimensions 
of the transducer housing are critical. A mating cap requires the outside 
diameter to be rigidly held as well. This housing was formerly machined 
in two parts and silver brazed together. Now, it is made in one piece 
from tube stock in 2 passes on a Fenn Model 3F Swaging Machine. 
RESULT — Cavitron has not only reduced cost 
of the Transducer Housing 75% to 80% but 
now has a simplified one-piece housing that is 
stronger, easier to make and with a smooth, 
bright surface resulting from swaging which 
requires no additional finishing. Write for cat- 
alog and full information. 


swacine 


Precision Wire ‘and Tube 
Rolling Mills Turks Heads Swaging Machines prawing Machines 


FENN MANUFACTURING COMPANY, 502 Fenn Road, Newington, Connecticut 


cation pictures and Goourioes how various 
products are made. R. C. Mahon 


1539. Fasteners 
New catalog No. 58 shows cold forged 
specialties, special rivets, screws and such 
secondary operations as reheading, spe- 
pointing, turning, swaging. 
assa 


1540. Fasteners 

New 24-page booklet covers technique 
of manufacture, proper installation, bibli- 
ography. National Machine Products Co 


1541. Filters 

32-page booklet on filters, mixers, 
pumps and tanks for liquid processing. 
Alsop Engineering 


1542. Finishing Barrel 

Data on new heavy duty barrel for 
finishing stamped, forged and machined, 
cast parts. Lord Chemical 


1543. Flame Machining 


New booklet on precision flame machin- 
ing of large sprockets and gears. Seaman- 
Andwall Corp. 


1544. Forgin 

18-page bulletin 75-C on high speed 
forging eo describes and. illustrates 
various atures. Ajax Mfg. Co. 


1545. Forging Machinery 

32-page book No. 165 on design of dies 
for upsetting forging machines also in- 
cludes machines, representative parts, 
tables of decimal and areas 
of circles. Ajax Mfg. C 


1546. Forgings 
94-page book on die blocks and heavy- 


dut orgings. 20 pages of tables. A. 
inkl & Sons 


1547. Forgings 

New bulletin on forge steel making, 
open die for rging, machining, heat treat- 
ing and finishing. National Forge 


1548. Forgings 


Folder on large orgin of carbon and 
alloy steel. Struthers Wells Corp., Titus- 
ville Forge 


1549. Forgings 


6-page brochure on cored forgings of 
aluminum and other nonferrous metals. 
Advantages. Weatherhead Co. 


1550. Formed Shapes 

New 26-page catalog No. 1555 contains 
drawings and dimensions of more than 
100 shapes. Roll Formed Products Co. 


1551. Furnace Belts 

New 42-page booklet on alloy steel 
belts for continuous high-temperature 
furnaces. Wickwire Spencer 


1552. Furnace Belts 

44-page catalog describes metal belts 
for quenching, tempering, carburizing 
and other applications. Ashworth Bros. 


1553. Furnace Charging 

12-page brochure on eight models of 
charging machines for heating and melt- 
ing furnaces. Salem-Brosius 


1554. Furnace Fixtures 

16-page catalog on baskets, trays, fix- 
tures and carburizing boxes for heat 
treating. 66 designs. Stanwood Corp. 


1555. Furnaces 

40-page book describes gas and electric 
furnaces and jlications. Four basic 
types of otmoaghares Glossary of heat 
treating terms. Westinghouse 


1556. Furnaces 

Folder describes —— g~ set up for 
heat treatment of small tools, includi 
draw furnace, quench tank and hig 
temperature furnace. Waltz Furnace 


1557. Furnaces 
Bulletin on controlled atmosphere fur- 
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naes and generating assemblies for an- 
nealing, brazing, hardening, sintering, 
soldering. Sargeant & Wilbur, Inc. 


1558. Furnaces 

Folder shows various heat treating and 
forging furnaces made at Detroit plant. 
Pacific Industrial Furnace 


1559. Furnaces 

8-page bulletin HD 341R on multi-range 
convection furnaces. Designs and temper- 
ature ranges. Hevi Duty 


1560. Furnaces 


Brochures on pot furnaces, nitriding, 
austempering, and martempering and 
salt baths. A. F. Holden 


1561. Furnaces 


Bulletin on electric heat treating fur- 
naces describes five series and acces- 
sories. Lucifer Furnaces 


1562. Furnaces, Heat Treating 

32-page catalog on high-speed gas fur- 
naces for heat treating carbon and alloy 
steels; also pot furnaces for salt and 
lead hardening. Charles A. Hones 


1563. Galvanometers 

12-page bulletin 320 on galvanometers 
to meet varying conditions. Rubicon 
Company 


1564. Gas Analysis 


Data on positive, nondispersion-type 
infrared analyzers for laboratory and 
industry. Minneapolis-Honeywell 


1565. Gas Analysis 

New Bulletin No. 306 on gas analysis 
kits for on-the-job determinations of 
carbon dioxide or oxygen in flue gases, 
furnace atmospheres and other gas mix- 
tures. Burrell 


1566. Gold Plating 


Folder on salts for bright gold plating. 
Equipment needed. Sel-Rez. 


1567. Graphitic Tool Steel 

48-page booklet on heat treating data, 
properties and 46 specific applications of 
graphitic tool steel. Timken 


1568. Grinding Machines 


Folder on grinders tabulates horse- 
power, wheel size, speeds and sizes for 
various models. Grinding and Polishing 
Machinery Corp. 


1569. Grinding Wheels 


New 36-page booklet on mounted 
wheels gives maximum operating speeds 
in 8 tables. Rules for safe and efficient 
operation. Grinding Wheel Institute 


1570. Hardness Numbers 

Pocket-size table of Brinell hardness 
numbers incorporating other tabular in- 
formation. Steel City Testing 


1571. Hardness Tester 

Bulletin on hardness tester for all 
regular and superficial Rockwell tests. 
Kent Cliff Div., Torsion Balance Co. 


1572. Hardness Tester 

New bulletin on Wolpert-Gries Micro- 
Reflex hardness tester for loads from 10 
to 3000 g. Gries Industries, Inc. 


1573. Hardness Tester 
Data on hardness testing scleroscope 
with equivalent Brinell and Rockwell C 


numbers. Shore Instrument 


1574. Hardness Tester 
20-page book on hardness testing by 
Rockwell method. Clark Instrument 


1575. Hardness Tester 

Data on portable tester with five most 
widely used hardness scales. Co. for 
Technical Progress 


1576. Hardness Tester 


Bulletin on Impressor portable hardness 
tester for aluminum, aluminum alloys 
and soft metals. Barber-Colman 
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1577. Hardness Testers 

Catalog of testers for normal! hardness, 
superficial testing, accessory and special 
testing and micro and macro hardness 
testing. Wilson Mechanical Instrument 


1578. Heat Exchanger 

Bulletin 124 on heat exchanger for cool- 
ing water, oil and other liquids and gases 
in many industries. Niagara Blower 


1579. Heat Resistant Alloy 


10-page article on how to get best 
service out of standard grades of heat 


resisting alloys by proper selection 
Rolled Alloys 

1580. Heat Treating 

20-page catalog on the Homocarb 


method with Microcarb atmosphere con- 
trol for heat treatment of steel. Leeds & 
Northrup 


1581. Heat Treating 


8-page article on heat treatments for 
ductile iron. Process for developing ten- 


1462. Product File 


More than 30 new product de- 
velopments, more than 700 impor- 
tant and interesting booklets, bulle 
tins and engineering data sheets 
are presented in a _ 16-page-file 
reference in Application and Equip- 
ment News. Reprinting all the hun 
dreds of product literature items 
that have appeared in Metal Prog- 
ress during the second quarter of 
1956, this handy summary of what's 
new in metals, design applications, 
processing, fabrication and equip- 
ment makes an ideal file reference 
for use throughout the year. 


sile strength from 60,000 to 150,000 psi. 


and elongation to 25%. International 
Nickel Co. 
1582. Heat Treating Ammonia 


2A-page “Guide for Use of Anhydrous 
Ammonia” describes heat treating and 
other metallurgical uses. Nitrogen Div 


1583. Heat Treating Fixtures 

24-page catalog on heat and corrosion- 
resistant equipment for heat treating and 
chemical processing. 30 classifications of 
equipment. Pressed Steel 


1584. Heat Treating Fixtures 
12-page bulletin on wire mesh baskets 
for heat treating and plating. Wiretex 


1585. Heat Treating Fixtures 

32-page Catalog G-10 covers heat and 
corrosion resistant fabricated alloy prod- 
ucts. Includes furnace muffles, trays, fix- 
tures, retorts, pit-type furnace equipment, 
salt bath equipment, pickling and plating 
equipment. Rolock, Inc 


1586. Heat Treating Pots 


Bulletin 110 gives data on sizes and 
shapes of cast nickel-chromium solution 
pots. Fahralloy 


1587. Heating Elements 

24-page booklet on elements for electric 
furnaces and kilns includes technical 
data, uses, physical and electrical specifi- 
cations. Norton 


1588. Heating Elements 

24-page Bulletin H on electric heating 
elements. Includes extensive tabular data 
on physical and electrical specifications 
for various sizes. Globar Div. 


1589. High-Alloy Fabrication 


4-page bulletin on high-alloy assem- 
lies for chemical, petroleum, food, 
petrochemical, pharmaceutical and other 
process industries. General Alloys 


1590. High-Frequency Welding 

Report on making aluminum Lor se 
by high-frequency resistance heat meth 
at Aluminum Co. of Canada. New Ro- 
chelle Tool 


1591. High-Strength Bronze 

12-page booklet on telnic bronze with 
high strength, high hardness, good ma- 
chinability, age hardenability, corrosion 
resistance. Chase Brass 


1592. High Strength Steel 
48-page book on T-1 steel, its properties 
and applications. U.S. Steel 


1593. High-Strength Steel 
66-page catalog on Mayari*R steel. 


Applications which take advantage of its 
wear and corrosion resistance. Bethle- 
hem Steel 


1594. High-Temperature Belts 
Bulletin T-241 on belts of high-temper- 
ature alloy for heat treat furnaces. 
Electro-Alloys 
1595. High-Temperature 
Lubrication 


Bulletin on colloidal graphite lubri- 
cation of kiln cars, oven conveyors and 
forging dies. Acheson Colloids 


1596. High-Temperature 


Tubing 


Bulletin TDC-163A on analysis, proper- 
ties, creep and rupture data for various 
ng alloys for high temperature serv- 
ice abcock & Wilcox 


1597. High-Tensile Steel 


Bulletin on nickel-copper steel of low- 
alloy, high-strength type. Youngstown 
Sheet and Tube 


1598. Humidity Recorders 
New 6-page bulletin on portable record- 
ers for humidity and temperature. Bristol 


1599. Induction Hardening 

Bulletin M-1938 on induction harden- 
ing machine gives advantages and appli- 
cation of system. Cincinnati Milling 
Machine 


1600. Induction Heating 


24-page booklet on low-frequency in- 
duction heating used for preheating and 
normalizing for welding and other indus- 
trial applications. Electric Arc, Ine. 


1601. Induction Heating 

New 36-page bulletin on high-fre- 
quency induction heating unit for braz- 
ing hardening solderin annealing, 
melting and bombarding. Lepel 


1602. Induction Heating 

)-page catalog tells of reduced costs 
and increased speed of production on 
hardening, brazing, annealing, forging or 
melting jobs. Ohio Crankshaft 


1603. Induction Heating 

12-page bulletin B-6519 on motor gener- 
ator sets, r generators, work stations, 
handling equipment. Westinghouse Elec- 
tric 


1604. Industrial Fans 


New bulletin C-102 on fans for hot air 
and gases to 600° F. describes application 
of forward and backward curving blade 
fans. Chicago Blower 


1605. Inspection 

8-page book on cost reduction with 
magnetic particle inspection. Case studies. 
Magnaflur 


1606. Instruments 

New bulletin on manometer-type in- 
struments for pressure, flow and liquid 
level. Meriam Instrument 
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OUR NEW PROCESS for NITRIDING STAINLESS STEEL 


“SUPERCASE” is especially adaptable for use on parts where 
an extremely hard, wear resistant surface with maximum 
corrosion resistance is needed. 


“SUPERCASE” has already been successfully proven ir: use by 
Electronics, Aircraft, Carburetor, Transmission and Small Parts 
manufacturers. 


“SUPERCASING” is rapidly being adopted by manufacturers 
in many other fields of industry. 


Advantages of “SUPERCASE” Over Older Nitriding Methods 


1. “SUPERCASE” depths are controlled to closer limits. A uniform, extremely 
hard case, approaching the hardness of a diamond, is obtained by this process 
with only a light case required. Normal case depth ranges between .0003 to 
0007, yet wear tests on “SUPERCASED” gears prove they outlasted, by sever - 
al times, the life of the unit to be used. 


2. “SUPERCASE” may be removed in the event of a change after parts have 
been finished — the parts re-worked and then re-nitrided. 


3. “SUPERCASE” may be done on a selective basis. To machine an area 
further after nitriding, area can be masked off and will remain soft after 
processing. 


4. “SUPERCASE” con be used on all types of Stainless Steel. 


ADVANTAGES of “SUPERCASE” 


CLOSER LIMITS 
Very Light Case required. 
REWORKING 


Case can be removed, parts 
reworked and re-nitrided. 


SELECTIVE BASIS 


Small areas may be masked to 
remain soft after nitriding. 


VARIETY 
“SUPERCASE” may be used on 


all stainless steels. 


* Detroit 10, — 
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1607. lron Powder 

8-page booklet tells of new type B iron 
powder. Tables give compressibility, den- 
sity, green strength and other properties 
before and after sintering for various 
mixes. Scrub Oaks Mine, Alan Wood 
Steel Co. 


1608. Leak Detector 


16-page bulletin on leak detector for 
location and measurement of leaks in 
evacuated or pressure systems. Consoli- 
dated Vacuum Corp. 


1609. Lubricant 

8-page folder describes use of molyb- 
denum disulfide lubricant in cold form- 
ing, cold heading and other applications. 
Case histories. Alpha Corp. 


1610. Lubricants 


Fifth revision of 4-page booklet on 
dispersions for industry lists 41 colloidal 
and semi-colloidal dispersions for the 
wey working industries. Acheson Col- 
oids 


1611. Lubrication 

“Lubrication Newsletter” article on 
feces fitting with molybdenum disulphide 
ubrication includes plain bearings, ball 
and roller bearings, gears, sprockets, etc. 
Alpha Molykote Corp. 


1612. Machining Copper 
32-page booklet gives cutting speeds, 
feeds, rakes, clearances for more than 
40 copper alloys. American Brass 


1613. Magnesium 

42-page booklet on wrought forms of 
magnesium. Includes 31 tables. White 
Metal Rolling & Stamping 


1614. Magnesium Extrusions 

36-page bulletin gives values of moment 
of inertia, section modulus and radius of 
gyration of bars, tubing, angles, channels, 
— zees and other sections. Dow Chemi- 
ca 


1615. Magnesium-Zirconium 
10-page reprint on an investigation of 
zirconium chloride, zirconium fluoride, 
% vzirconium-magnesium material for 
making magnesium zirconium alloys. 
Titanium Alloy Mfg. Div 
1616. Malleable Iron 
12-page Bulletin 5797 on 
furnace annealing of 
General Electric 


1617. Master Alloys 

Bulletin on custom-made alloys for 
remelt or reprocessing. Cannon-Muskegon 


1618. Melting Aluminum 


Bulletin 310 on furnaces for melting 
aluminum. Lindberg Eng’g 


1619. Melting Furnaces 

28-page catalog on Heroult electric 
melting furnaces. Types, sizes, capacities, 
ratings. American Bridge 


1620. Metal Identification 
New booklet on Metal Monitor for non- 


destructive metal identification. Brush 
Electronics 


1621. Microhardness Tester 
Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance Co. 


1622. Microscopes 

22-page catalog describes microscopes 
featuring ball bearings and rollers 
throughout the focusing system and a 
fine adjustment, providin 
comfortable operation. Bausch & Lom 


1623. Microscopes 
Catalog on metallograph and several 
models of microscopes. United Scientific 


electric- 
malleable iron. 


1624. Moisture Measurement 
12-page bulletin on how to measure 
water vapor in air and other gases 
Gravometric, dew point and wet and dry 
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bulb methods, and others. Pittsburgh 
Lectrodryer 


1625. Molybdenum Borides 


Six-page bulletin on applications, 
chemical, physical and mechanical prop- 
erties of refractory molybdenum borides 
Preparation of compounds. Climar 
Molybdenum 


1626. Molybdenum Carbides 


New 6-page bulletin on applications, 
physical, chemical and mechanical prop- 
erties, preparation of molybdenum car- 
bides and nitrides. Climax Molybdenum 


1627. Monel 
New booklet on engineering properties 
of cast Monel. Iaternational Nickel Co. 


1628. Nitriding 
Data on process for nitriding stainless 
steel. Standard Steel Treating 


1629. Nondestructive Testing 

8-page bulletin on equipment for non- 
destructive testing of rs, rods, tubing. 
Magnetic Analysis 


1630. Nonferrous Alloys 
Bulletin 154 with chart showing chemi- 
cal analyses, and properties. Current U.'S 
Navy, Federal, Military, SAE and ASTM 
specifications. Shenango-Penn Mold Co. 


1631. Nonferrous Wire 

Folder gives wire gage and footage 
chart and data on beryllium copper 
phosphor bronze, nickel, silver, brass and 
aluminum wire. Little Falls Alloys 


1632. Oil Quenching 


8-page brochure tells in detail how 
carbon steel often can replace alloy steel 
when additive is used in the quenching 
oil, Aldridge Industrial Oils 


1633. Openhearths 
Brochure on modern openhearth design 
and construction. Loftus 


1634. Optical Instruments 
64-page catalog of optical aids includes 
some industrial quality control tools 
instruments microscopes, comparators 
Edmund Scientific. 


1635. Ovens 

Bulletin 10-S on cabinet ovens describes 
those for use with gas, electric and steam 
heat for temperatures to 600° F. Young 
Brothers 


1636. Ovens 

16-page bulletin No. 53 on various types 
of core and mold ovens, special ovens 
and heat treating furnaces. Carl-Mayer 


1637. Pickling Baskets 
Data on baskets for degreasing, pick- 
ling, anodizing and plating Telli 


1638. Pickling Baskets 


12-page bulletin on mechanical picklers 
crates, baskets, chain and accessories 
Youngstown Welding & Eng'g 


1639. Pickling Solutions 


Data on activating compounds (Actane) 
for removal of films in pickling. Instruc- 
tions for pickling titanium and aluminum 
Enthone 


1640. Pipe and Tubing 


68-page book on pipe and tube making, 
answering many pertinent questions on 
tube mill operation and production. Engi- 
neering data and spoctientions Yoder 


1641. Plating 


List of chemicals and precious metal 
catelysts for the preparation of plating 
baths. J. Bishop & Co. Platinum Works 


1642. Plating 

Folder on electroplating with metal 
fluoborate solutions—lead, tin, iron, cop- 
per, nickel, cadmium and indium. Baker 
& Adamson 


1643. Plating Solutions 


New 4-page bulletin on potassium 


cyanide describes its purity, handling, 
safety and quality control. Koppers Co. 


1644. Plating Solutions 
Operating manuals for plating with 
metal fluoborate solutions. Baker & 
Adamson. See page 129 


1645. Potentiometer 

4-page data sheet on potentiometer for 
instrument checking and temperature 
measurements. Leeds & Northrup 


1646. Potentiometers 

12-page bulletin 270 on several types of 
potentiometers describes instruments and 
their uses. Portable models. Rubicon 


1647. Precision Casting 

4-page folder on applications of the 
investment casting process to products in 
different industries. Arwood Precision 
Casting 


1648. Precision Castings 
New 5-page folder on investment cast- 
ing. Engineered Precision Casting 


1649. Precision Castings 

16-page booklet includes composition 
and properties of carbon, low alloy, stain- 
less, high temperature and tool steel pre- 
cision castings. Crucible Steel 


1650. Precision Castings 

20-page book on alloys used, specifica- 
tion ranges, advantages and castings made 
by precision casting. Haynes Stellite 


1651. Protective Coatings 

Guide to chemicals and processes for 
metal protection, American Chemical 
Paint 


1652. Pure Metals 


Data sheets on vacuum melted cobalt, 
copper, iron and nickel. Vacuum Metals 


1653. Pyrometer 

Catalog No. 155 on immersion pyrom- 
eter. Leading features, models, specifica- 
tions. Pyrometer Instrument Co 


1654. 

56-page bulletin P1238 on thermocouples 
and pyrometer accessories 
data on selection and installation. Bristo 


1655. Quench Agitation 
Information on mixers and agitators, 
including units applicable to industrial 

quenching equipment. Mixing Equipment 


1656. Quenching 

4-page booklet on continuous automatic 
quenching tanks. Specifications, construc- 
tion. American Gas Furnace 


1657. Quenching 


24-page booklet on agitation of quench- 
ing alone Engineering of agitator in 
stallations. U.S. Steel 


1658. venching Oil 


10-page book on new oils for the 
quenching process gives resulta on hot 
wire quench test and in plant operation 
Sinclair Refining Co 


1659. Quenching Oils 


8-page booklet on quenching oil gives 
cooling curves, hardnesses obtained. Shell 
Oil Co 


1660. Radiant Heat 

Bulletin HD-740R describes and illus- 
trates construction of radiant heat ele- 
ments and shows how they are installed 
in furnaces, Hevi Duty 


1661. Radiography 


26-page brochure on very — 1 voltage 
equipment for radiography and how it is 
used. High Voltage Engineering 


1662. Refractories 


24-page booklet on insulating firebrick 
and cements for use to 3000° F. Shapes, 
design. suspended arch and wall con- 
struction discussed. Armstrong Cork Co 


Pyrometer Supptics 


(Continued on page %32-A) 
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more for your 
money 
with stainless 


Regardless of present conditions it 
is often difficult to predict future 
operating requirements. A generous 
safety factor should be allowed for 
all possible conditions of corrosion, 
oxidation, pressures and temper- 
atures, In the range of B&W stain- 
less steels will be found the answers 
to virtually all of these conditions. 
It's easy to anticipate substantial 


32 


savings in downtime and labor costs 
in replacing worn-out tubing made 
from less hardy metals. Be sure with 
B&W stainless. 

Get in touch with Mr, Tubes, your 
link to B&W, for the story of how 
you can get more for your money 
with stainless tubing. Or write for 
Bulletin TB 1. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 
Beover Falls, Po. ond Milwevkee, Wis Seamless Tubing, 

Welded Srommless Steel Tube 
Alliance, Obie Welded Carbon Steet Tubing 
Milwaukee, Wis Seamless Welding Fittings 
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1663. Refractories 

12-page brochure on products for cast- 
ing special refractory shapes and for 
gunning and troweling applications, for 
services to F 


1664. Refractories 

24-page booklet on how refractory grain 
is produced. Chemical and physical char- 
acteristics, sizes, applications Norton 


1665. Refractory Cement 
Bulletin discusses refractories and heat- 
resistant concrete. Lumnite Div 


1666. Resistance Welding 

2A-page catalog on equipment for re- 
sistance welding includes reference tables 
and property and application charts. 
Ampco 


1667. Rhodium Plating 


Data on properties, thicknesses re- 
quired, costs, operation, applications. 
echnic 


1668. Rhodium Plating 


Revised booklet with data on rhodium 
plating and different applications. Baker 
& Co. 


1669. Rust Preventives 
12-page bulletin on water-soluble rust 
preventive. Production Specialties 


1670. Salt Bath Furnaces 
Data on salt bath furnaces for batch 
and conveyorized work. Upton 


1671. Salt Baths 

32-page bulletin on salts for tempering, 
annealing, neutral hardening, martemper- 
ing and carburizing. Heat treating data. 
E. F. Houghton 


1672. Sand Blasting 

New 4-page bulletin 1256 on sand 
blasting machines for cleaning, deburring, 
surface preparation. Leiman Bros. 


1673. Saws 
Catalog C-53 describes 35 models of 
metal-cutting saws. Armstrong-Blum 


1674. Selective Strippers 

Bulletin on materials for selective strip- 
ping of one metal from another—electro- 
plated metals, solder or brazing excess. 
Enthone 


1675. Shell Molding 

8-page booklet on silicones for the shell 
molding process describes three different 
products. Silicones Div., Union Carbide 
and Carbon Corp. 


1676. Shell Molding 


Bulletin on shell-molded castings serv- 


ice lists ferrous and nonferrous alloys 
handied and typical parts produced. 
Crobalt 


1677. Shotblasting 


16-page “Primer on the Use of Shot 
and Grit”. Problems of blast cleaning 
operations. Hickman, Williams 


1678. Sintered Carbides 


24-page booklet on the characteristics 
of the various grades, for research and 
design engineers. Kennametal 


1679. Soldering Fluxes 
Discussion in “Federated Metals Di- 
gest”, Vol. 3, No. 1, of various types and 
their advantages. Federated Metals 


1680. Spectroanalysis 

New catalog on Varisource excitation 
unit. Information on the circuit param- 
eters. Jarrell-Ash 


1681. Spectrograph 

24-page booklet on Echelle spectro- 
graphs. Advantages. Type of work pro- 
duced. Bausch & Lomb 


1682. Stainless Castings 

8-page bulletin gives recommendation 
charts for type of stainless to use in vari- 
ous corrosive solutions, under various 
conditions. Waukesha Foundry 


1683. Stainless Shapes 
Folder on hot rolled stainless steel 
shapes and their advantages. Disston 


1684. Stainless Steel 
Booklet on 430 stainless. Properties, 
fabrication. Sharon Steel 


1685. Stainless Steel 

32-page book on corrosion resistance 
of stainless steels. 18 tables on tests in 
acid, neutral and alkaline solutions. 
International Nickel 


1686. Stainless Steel 

12-page booklet on new AM 350 chro- 
mium-nickel-molybdenum stainless steel 
which is hardenable by subzero cooling 
or double aging. Allegheny Ludlum 


1687. Stainless Steel 

Data card 178 on stress-rupture proper- 
ties of chromium-nickel stainless steel 
weld deposits. Babcock & Wilcox Co. 


1688. Stainless Steel 

20-page catalog on corrosion resistance, 
applications and working characteristics 
of 20% chromium—29% nickel stainless 
steels, with and without columbium. 
Carpenter Steel 


1689. Stainless Steels 
20-page book on uses of stainless steels 
Electro Metallurgical 


BUSINESS 


Neo Postage Stamp Necessary If Mailed In the United States 


REPLY CARD 


4c POSTAGE WILL BE PAID BY— 


METAL PROGRESS 


7301! Euclid Avenue 
CLEVELAND 3, OHIO 


1690. Stainless Strip 

32-page brochure on 20 types of stain- 
less strip steel. Recommended applica- 
tions, chemical, physical and mechanical 
properties, corrosion resistance. Superior 
Steel Corp. 


1691. Stainless Tubing 

New 12-page brochure on stainless steel 
heat exchanger and condenser tubes. 
Process, manufacture, chemical composi- 
tion and analysis. Republic Steel 


1692. Stainless Wire 

New 32-page aid to selection of proper 
stainless steel wire for particular appli- 
cation discusses austenitic, ferritic and 
martensitic grades. Crucible Steel 


1693. Steel 

256-page handbook lists sizes, weights, 
lengths, steels available, shapes. Data on 
mechanical properties, standard steel 
compositions, hardness numbers conver- 
sions. Ryerson 


1694. Steel 52100 

New stock list on 52100 tubing, bars 
and ring forgings. Peterson Steels 
1695. Steel Tubing 

48-page Handbook F-3 on fabricating 
and ions steel tubing. Bending, shap- 
ing, cutting and joining operations de- 
scribed. Ohio Seamless Tube 

1696. Steelmaking 

8-page “Carbon and Graphite News’ 
tells how quality steels are grosuces in 


electric furnaces at Timken Roller Bear- 
ing Co. National Carbon 


1697. Sub-Zero Equipment 


12-page catalog of chilling machines 
and temperature testing units. Cincinnati 
Sub-Zero Products 


1698. Sulphur Determination 


New bulletin on high frequency com- 
bustion unit for determination of sulphur 
Lindberg Engineering 


1699. Swaging 
Catalog on swaging machine. Fenn Mfg 
1700. Temperature Control 


4-page data sheet on electro-pneuma- 
tic controllers. Specifications, standard 
ranges, equipment for complete control 
system. Leeds & Northrup 


1701. Temperature Conversion 
16-page temperature conversion booklet 
and electromotive force of thermocouple 
alloys in absolute millivolts. Wheelco 
1702. Temperature Measuring 
New 24-page catalog of heat radiation 


FIRST CLASS 
PERMIT No. 1585 


(Sec. 34.9 P.L. & R.) 
Cleveland, Ohio 


BLAZING THE HEAT TREAT TRAIL WITH HOLCROFT 


LET'S TALK ABOUT 
DOUBLE DECK FURNACES 


Ever try to fit two entirely different furnaces into floor space 
where only one will go? It can be done. All you do is 
stack one on top of the other! 


Holcroft did it first a good many years ago. The furnace 
illustrated—by no means the first of its type—was built for 
a Detroit automobile plant back in 1932. 


Three thousand pounds of connecting rods and spindles each 
hour were treated—moving first through a hardening fur- 
nace on the upper deck and then down a chute into a 
quench tank. Work was elevated by means of a reverse 
conveyor from the tank and loaded onto the return conveyor 
belt of the lower furnace for drawing and discharge. 


Furnaces like these can be fully automated, or have manual 
transfers. They can be designed to heat treat a specific 
part, or to be used for general production. 


This is the kind of heat treat background and creative 
engineering that is available to you when you come to 
Holcroft. It's a good idea to do it—today! 


HOLCROFT AanD COMPANY 


a'r 6545 EPWORTH BOULEVARD + DETROIT 10, MICHIGAN 
ee aa PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 


CHICAGO ILL « CLEVELAND, « DARIEN, CONN HOUSTON TEXAS LOS ANGELES CALIF « PHILADELPHIA PA 
CANADA Walker Metal Products Lid, Windsor, Ontare 
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| THE MARK OF QUALITY 


Better forgings... 
BARBER 
COLMAN 


RD Lower fuel costs... 


Wheelco 


With Model 405 Capacitrol 


Instrumente 


32-B 


Model 405 Capacitro! uses Micropositioner 
to position valve actuator directly from 
controller circuit. 


Better forgings .. . closer control of temperature . . . lower fuel costs 
... that’s why Indiana Forge and Machine Co., East Chicago, Ind., 
selected Wheelco Model 405 Capacitrols to control a large bar 
heating furnace. Each of two zones is fired by a pair of burners, con- 
tolled by a single Capacitrol, Bar stock is heated to the 2250-2450 
F range to make forgings for automotive transmissions, Model 405 
proportioning control gives more even heating, reduces fuel costs, 
and stops wear and tear caused by on-off controls. 


Learn how the Model 405 improves products and slashes mainte- 
nance costs. Call your Wheelco field engineer today! 


WHEELCO INSTRUMENTS DIVISION 


Barber-Colman Company 


DEPT. F, 1518 ROCK STREET, ROCKFORD, ILLINOIS 
BARBER-COLMAN OF CANADA, LTD., Dept. F, Toronto and Montreal, Conade 


Industrial Instruments « Automatic Controls « Air Distribution Products 
Aircraft Controls « Small Motors « Overdoors and Operators « Molded 
Products « Metal Cutting Tools « Machine Tools « Textile Machinery 


Closer control of temperature... 


detectors for continuous temperature 
measurement to 5000° F. Leeds & North- 


rup 


1703. Tempering 


Bulletin 1E-11 on tempering and other 
applications in liquid baths. Kemp 


1704. Test Bars 


New 18-page bulletin No. 168 on design 
of test bar patterns, production of test 
bars, testing procedures. Federated Metals 
Div., American Smelting and Refining 


1705. Test Specimens 


Data on machine for cutting test speci- 
mens to ASTM specifications. Sieburg In- 
dustries 


1706. Tester 


Bulletin 164 on Dyhedron, dynamic dia- 
mond tester for hardness and lubricity of 
materials. Taber Instrument 


1707. Testers 


Data on portable spot tester for qualita- 
tive analysis. Spot-Testers, Inc. 


1708. Testing Machines 


8-page folder on Amsler machines for 

tests in tension, compression, torsion, 
shear, fatigue, bending and ductility. Bul- 
letins on wear testing, and testing of 
miniature samples. Buehler 


1709. Testing Machines 


8-page guide to Riehle testing machines 
and instruments. Riehle 


1710. Testing Machines 


Universal testing machines and equip- 
ment are diagrammed. described and il- 
lustrated in 20-page Bulletin 43. Tinius 
Olsen 


1711. Thermocouple Alloys 


20-page booklet on chromel-alumel al- 
loys gives sizes, temperature-millivolt 
equivalents, standards, applications. Hos- 
kins Mfg. 


1712. Thermocouple Tubes 


New 4-page bulletin on standard ther- 
mocouple protecting tubes and wells. 
Claud S. Gordon 


1713. Thermocouples 


8-page bulletin 22 on industrial ther- 
mocouples for all pyrometers. Thermo 
Electric 


1714. Thermocouples 


32-page file book on pyrometer acces- 
sories. Selection of thermocouple and 
protective tube. West Instrument Corp. 
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1715. Thermostats 


New bulletin describes styles available, 
operating principles, performance data, 
ratings, dimensions. Stevens Mfg. Co. 


1716. ‘Titanium Alloy 

Data on ternary alloy with 3% alumi- 
num and 5% chromium gives physical 
properties, forging temperatures, high 
temperature characteristics. Mallory- 
Sharon Titanium 


1717. Titanium Tubing 


Bulletin No. 42 on small tubing of tita- 
nium; proceeding fabrication, character- 
istics. Superior Tube 


1718. Tool Steel 


Folder on high carbon, high-vanadium 
tungsten-base high speed steel. Latrobe 


1719. Tool Steel 


44-page stock list is indexed and in- 
cludes sizes, weights .and analyses. Deci- 
mal conversion and hardness conversion 
tables. Uddeholm 


1720. Tool Steel Guide 


New 70-page brochure includes infor- 
mation on 50 types of tool steels and 
cold finishing products. Vanadium-Alloys 


1721. Tool Steels 

32-page catalog of all Carmet grades 
and blanks, tools, die sections. Special 
preforming to order. Allegheny Ludlum 


1722. Tube Welding 

Bulletin on high-frequency tube weld- 
ing equipment ~~ materials 
which may be welded by this process 


New Rochelle Tool 

1723. Ultrasonic Cleaning 
Folder on Sonogen ultrasonic generator 

for metal cleaning. Branson 

1724. Ultrasonic Testing 


Data folder describes instruments using 
ultrasonics for various  tests—immer- 
scope, “B” scan and flaw recorder. Cur- 
tiss-Wright 


1725. Ultrasonics 


Bulletin GEA-6239 on ultrasonic power 
generators for industrial cleaning equip- 
ment. General Electric 


1726. Ultrasonics 


New bulletin MW-103 on use of ultra- 
sonics in degreasing, electroplating, drill- 
ing, and grinding operations. Acoustica 
Associates 


1727. Vacuum Metallizing 


8-page catalog 551 on production and 
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experimental-type metallizing units. High 
Vacuum Equipment Corp. 


1728. Vacuum Metallurgy 
Articles on commercial vacuum fur- 
naces for metals and alloys and some 


aspects of vacuum melted metals. Na- 
tional Research 


1729. Vacuum Pump 


New 8-page booklet 756 on diffusion 
and booster pumps for high vacuum proc- 
essing. F . Stokes Machine 


1730. Vanadium 


“Vancoram Review’, Spring 1956, tells 
story of discovery of vanadium ore in 
Peru. Vanadium Corp 


1731. Welding 


Data on welding positioners from 500 
to 100,000 lb. capacity. Harnischfeger 


1732. Welding Alloy Steel 
44-page Data Book 4D covers all types 
of welding of nickel alloy steels. Interna- 
tional Nickel 
1733. Welding Copper 
24-page booklet on oxyacetylene, car- 
bon-arc and metal-arc welding tech- 


niques for copper and copper alloys 
Revere 


1734. Welding Equipment 
Catalog on Cadweld process and arc- 
welding accessories. Erico Products 
1735. Welding Magnesium 


Various welding processes for magne- 
sium, stress relief and recommended pro- 
cedures. Brooks & Perkins 


1736. Welding Rods 


New bulletin on processing of welding 
rod materials, master alloys and other 
specialized products. Shieldalloy 


1737. Wire Cloth 


Bulletin 113 on wire cloth in various 
alloys, in bulk or specially fabricated 
parts. Cambridge Wire Cloth 


1738. X-Ray 

12-page bulletin on gamma radiography 
tells how to select the source, equip- 
ment, techniques and fundamentals of 
gamma radiation. Picker X-Ray 

1739. X-Ray Equipment 

Bulletins on No. 2 SPG X-ray detector 
describe specifications and advantages. 
X-Ray Dept., General Electric 
1740. X-Ray Supplies 

Bulletin on liquid X-ray developer, re- 
plenisher and fixer. Philip A. Hunt Co. 
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WRITE FOR THE 
ASSISTANCE 
YOU NEED 


1. “TECHNICAL STUDIES #3” 


. essential information on 
the composiuon, properties, 
fabricating methods 
cations of AL chromium-man- 
ganese, low-nickel stainless 
steels. Write for your copy. 


2. TEST SAMPLES 


. We'll be glad to supply 
engineering assistance, and ac 
tual samples of these 200-Series 
steels for testing under your 
processes and conditions, 


ADDRESS DEPT. MP-78 
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Here is a direct answer to the recurring prob- 
lem of nickel shortage. Fot many users of 
chromium-nickel austenitic stainless steels, 
the new AISI 200-series of chromium-man- 
ganese low-nickel austenitic grades can be 
a source of immediate relief—and an avenue 
to the reduction and possible avoidance of 
nickel shortage problems in the future 

In many cases, you can switch ditectly 
from the older Type 301 and 302 grades to 
the new AL Stainless Type 201 and 202 
steels, using the same fabricating processes 
and securing about the same results. There's 
nothing new to learn, and no loss in pet- 
formance in practically all applications. In 


certain respects, these stecls have better 
pone than the older materials and may 
© used to actual advantage in some cases. 

We also produce low carbon grades of 
these chrome-manganese steels, arbitrarily 
designated 204 and 2041 (similar to 
the older grades 304 and 404L) as weil as 
a lower-chromium, highet-manganese grade 
designated Type CM, which contains only 
1% ric kel Alle gheny Ludlum has pioneered 
in the development and application of these 
low-nickel stainless steels. We know what 
the new grades will do let us help you 
put them to use 7 ge Ludlum Steel 
Corporation, Oliver Bl Pittsburgh 22, Pa. 


For Stainless Steel in ALL Forms—call 


Allegheny [udlum 


wew 


Warehouse stocks carried by oll Ryerson Steel plants 
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WHEN IT’S MOVING...MAKE IT TUBING 


Pound for Pound, Tubular 


Wheeled chairs get stiff workouts in fast-moving paraplegic basketball. Tubular construction 
keeps them strong, safe, maneuverable. When it's moving, make it steel tubing. 


REPUBLIC 


Wolds Wideat Range of, Standard. Steels 
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onstruction STRONGEST! 


At any given weight, tubing is strongest 
of all mechanical shapes . . . stronger un- 
der compressive load . . . stronger as a 
beam ... stronger in torsion. 


And, dollar for dollar Republic 
ELECTRUNITE Steel Mechanical Tubing is 
your best buy. ELECTRUNITE is the origi- 
nal electric resistance welded tube. It's 
the quality tube of industry, available in a 
wide variety of forms, sizes and gages... 
in both carbon and stainless steel. 


For volume production, ELECTRUNITE 
tubing is consistently uniform, foot to 


foot, shipment to shipment. It offers uni- 
form wall thickness and concentricity. 


Surfaces are free from scratches and pit 


marks. It offers uniform response to heat 
treatment. It is easy to fabricate . . . often 
eliminates some costly fabricating or 
machining operations. 


When your product must be strong, 
safe, lightweight, investigate Republic 
ELECTRUNITE Steel Tubing. Republic 
engineers can help you design it into your 
products and processes, economically and 
profitably. Send coupon for facts. 


“1 PUT REPUBLIC NYLOK NUTS TO THE TEST every 
time | ride my Taylor Tot,” reports this young 
test driver. In spite of all the bumps, bounces 
and jolts, Nylok Nuts always hold tight. The 
reason: a special Nylon plug that assures posi- 
tive locking in any position wherever you stop 
wrenching. Send coupon for details, 


THESE BEET DIGGER TINES ARE 24% STRONGER 
since John Deere switched to alloy steel. Orig- 
inally fabricated from carbon steel, they 
would sometimes break under stress. By tak- 
ing advantage of alloy's hardenability — plus 
superior strength— bending and abrasion 
problems have been eliminated. Send coupon 
for complete data on Republic Alloy Steels. 


DOUGLAS AIRCRAFT ADDED A PASSENGER — AT 
NO INCREASE IN WEIGHT on their new DC-7 
superliner. How? By substituting Titanium for 
other metals normally used in nacelle con- 
struction, Republic is an old hand at this high 
strength-to-weight business. Send coupon for 
information on how Republic Titanium and 
Titanium Alloys may help your product. 


STEEL 


and Stack Produce 
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Company 


Address 


REPUBLIC STEEL CORPORATION 
Dept. C-1249 

3188 East 45th Street 
Cleveland 27, Ohio 

Please send me more information on: 
OC) ELECTRUNITE® Mechanical Tubing 
O NYLOK* Nuts 

"U.S. Pat. No. 2,450,694 and pending applications 


Alloy Steels 
Titanium 


lite 


. MORE REPUBLIC PRODUCTS MADE FOR MOVEMENT: 
} | 
| 


DIFFERENT COMPOSITIONS of G-E Neutralene gas are possible to fit various applications —annealing, hardening, brazing, 
sintering, and carburizing. G-E gas producers shown are rated at 15,000 CFH; complete line includes ratings from 200 CFH. 


OXIDES REDUCED when parts are bright annealed in Exalene SCALE-FREE UNPITTED drill chuck on right was hardened in 
gas. Pan on left is shown before cleaning; center pan, after pick- Thermalene atmosphere, does not need subsequent cleaning; 
ling only ;pan onright, after bright annealing only. Exalene gas chuck on left was hardened in air, Thermalene gas is used also in 
is used also in normalizing, hardening, brazing, and sintering. bright annealing, normalizing, brazing, sintering, and carburizing. 


GENERAL ELECTRIC SELLS 
A COMPLETE LINE OF | 
WEAT PROCESSING EQUIPMENT 


FURNACES » METAL-SHEATH INDUCTION 


CAPSULE CASE HISTORIES SHOW BENEFITS OF USING PROTECTIVE ATMOSPHERES 


i 


CLEANING ELIMINATED when stainless 
steel parts are brazed in Ammalene gas. 
Right-hand part isshown as it came from 
the brazing furnace—bright and clean. 


Eliminate Expensive After-work— 
Produce Clean Heat-treated Parts 
with G-E Protective Atmospheres 


Protective atmospheres help you turn out 
heat-treated parts that are free from 
scale or oxides. They enable you to turn 
out a more salable product . . . at lower 
cost. This is true because pickling, grind- 
ing, machining, sandblasting, and similar 
operations are often made unnecessary. 

General Electric offers various types and 
sizes of gas producers that let you manu- 
facture atmospheres inexpensively —right 
in your own plant. You can prepare these 
atmospheres to provide exactly the right 
quality protection for your particular 
process. G-E protective atmospheres in- 
clude: Exalene, an exothermic gas; Neu- 
tralene*, a CO»-free, dry, exothermic gas; 
Thermalene*, an endothermic gas; Am- 
malene, dissociated ammonia. 

Check these benefits of using protective 
atmospheres: 


PREVENTING OXIDATION of metal sur- 
faces during furnace heating is a primary 
advantage of protective atmospheres. 
Parts are produced at less cost and in a 
shorter total time cycle when scale forma- 
tion is eliminated. 


REDUCING OXIDES which have already 
formed is easily done by heating in a 
furnace supplied with the proper protec- 


tive atmosphere. This reducing, or clean 
ing, is often used to prepare steel for 
porcelain enameling, galvanizing, or for 
furnace brazing 

CONTROLLING SURFACE COMPOSITION 
of metals in such operations as carburiz 
ing, nitriding, and prevention of decar 
burizing requires closely controlled fur 
nace atmospheres. 

ACCESSORY EQUIPMENT to meet specific 
needs is available: 

Sulfur Removers take out sulfur dioxide 
and hydrogen sulfide where sulfur might 
harm the work or the furnace. 

Regenerative-type Dryers remove mois 
ture from gases. Can be had with closed 
system reactivation for high-purity uses 

Refrigerated Gas Coolers remove some 

of the moisture from gases. These coolers 
may be used with regenerative-type 
dryers to reduce costs of preparing gases 
with low dew points. 
COMPLETE SERVICES of your local G-E 
Apparatus Sales Representative include 
helping you to choose the most effective 
furnace atmosphere for your particular 
application . and to do it at lowest 
cost. Call him or send in coupon below 
for free descriptive bulletin, 


*Reg. Trade-mark of Genera! Electric Co 


GENERAL ELECTRIC 


FREE BULLETIN 
| Section D721-7 | 
| General Electric Compony 1 
| Schenectady 5, N. Y. | 
| Please send me a copy of your bulletin, Protective Atmospheres, GEA-5907. | 
| 
NAME 
COMPANY 
ADDRESS 
city STATE 
| 
| 
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A huge Gas-fired furnace at 
Maryland Shipbuilding and 
Drydock Company, Baltimore, 
Maryland proved its advan- 
tages when that company was 
awarded a construction con- 
tract for part of Baltimore's 
vast new $140,000,000 Harbor 
tunnel project. 

When Maryland Shipbuilding 
and Drydock Company installed 
their two new furnaces—for 
heating plates and angles—it was 
decided to use Gas, based on its 
superior temperature control, 
lower maintenance, and higher 
output due to faster heating-up 


HELPS MARYLAND SHIPBUILDING 


FRAMES FOR NEW HARBOR TUNNEL 


and less loss of time in changing 
operating temperatures. 

The Gas-fired furnace is now 
heating 266” long T-bars that 
are shaped and welded, in sets 
of four, to form 35’ circular 
frames used in the tubular sec- 
tions of the Harbor tunnel. 

For information on how Gas 
can help you in your production 
operations, call your Gas Com- 
pany industrial specialist. He'll 
be glad to discuss with you the 
economies and outstanding re- 
sults you get with Gas and mod- 
ern Gas-fired industrial equip- 
ment. American Gas Association. 
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Crucible special shapes 
_ for better alloy steel parts at lower cost. . . 


If you’re machining intricate sections from solid 
bars—or using expensive forgings—stop! Choose 
instead, a Crucible special shape that approxi- 
mates the finished part. Crucible special shapes 
eliminate rough-machining operations... 
reduce scrap losses. 

There’s practically no limit to the special 
shapes available at Crucible, in a wide variety of 


alloy steels. Rolls for over 400 special shapes 
are available—other shapes can be rolled to 
your specifications. Your local Crucible repre- 
sentative can give you the whole story of how 
special shapes can cut costs—save time. Crucible 
Steel Company of America, The Oliver Build- 
ing, Mellon Square, Pittsburgh 22, Pa. 


C 3 UJ C | “4 LE} first name in special purpose steels 


Crucible Steel Company of America 
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‘ALLIED 


New Lindberg electric furnace 
with CORRTHERM element at 
Allied Metal Treating Corpora- 
tion, Kenosha, Wisconsin, This 
furnace is used 24 hours a day, 
6 days a week, for carbonitriding, 
clean hardening pinion gears, 
hardening crank shafts after car- 
burizing and carburizing small 
gears and shafts. 


EKLUND 


Installation of new Lindberg fur- 
nace with CORRTHERM electric 
element at Ekiund Metal Treating, 
Inc., Rockford, Ilinois. Furnace 
used 24 hours a day, 7 days a 
week, for carburizing gears and 
machine tool parts, carbonitrid- 
ing sheet metal screws and auto- 
motive parts, and hardening and . 
tempering bolts. 


PERFECTION 


Lindberg electric furnace with 
CORRTHERM element just in- 
stalled at Perfection Tool & Metal 
Heat Treating Company's Lom- 
bard, Illinois plant. This furnace 
is being used 24 hours a day, 6 
days a week, for carbonitriding 
and carburizing parts for auto- 
motive and farm implement in- 
dustries. 


COMMERCIAL HEAT-TREATERS QUICK 
ADOPT LINDBERG ELECTRIC 
CARBONITRIDING FURNACES WITH 
NEW CORRTHERM HEATING ELEMENT 


It is significant that commercial heat-treaters, always in the lead in the 
acceptance and development of better heat-treating methods, have been 
among the first to appreciate the revolutionary advantages of Lindberg’s 
newly announced CORRTHERM electric heating element. 

Recent Lindberg CORRTHERM-equipped furnace installations in 
plants of three leading midwestern commercial heat-treaters are shown 
on the opposite page. 

Where electricity is the preferred source of heat Lindberg furnaces 
with CORRTHERM provide to the fullest degree the versatility and 
dependability required in efficient commercial heat-treating. Ideal for 
carbonitriding, they are readily applicable to other processes — carburiz- 
ing, carbon restoration, bright hardening or annealing, and normalizing. 

Whether your heat-treating operations are commercial or captive 

2 heating element fille the furnace with walis of glowing heat. 
large or small, the CORRTHERM element in Lindberg electric furnaces Note also that CORRTHERM is conveniently hung trom simple 
offers you these exclusive advantages : brackets requiring no complicated connections or construction. - 


Low voltage—operates at extremely low voltage. No leakage 
through carbon saturation. 
Atmosphere Circulation —eclements act as baffle to direct circula- 


tion of convection streams. neers. To find out how its advantages can 
Safety—extremely low voltage eliminates shock or short hazards. be applied to your heat-treating processes 


Durability—watts density at all time low. Element practically consult your nearest Lindberg Field Repre- 
indestructible. sentative. (Look in classified phone book.) 


LINDBERG ENGINEERING COMPANY 


2448 West Hubbard Street, Chicago 12, Illinois 
Los Angeles Plant: 11937 Regentview Ave., at Downey, California 


CORRTHERM is an exclusive Lindberg 
development created in Lindberg labora- 
tories by Lindberg metallurgists and engi- 


yy, 


Installation of CORRTHERM elements in Installation of Lindberg CORRTHERM- Safety! Extremely low voltage makes 
one of two large rotary furnaces justerected equipped carburizing pit-type furnace in CORRTHERM elements completely sate. 
in the field by Lindberg’s associate plant of Lindberg Steel Treating Co., Let operator or work load bang it if they will. 
company, Lindberg Industrial Corporation. Melrose Park, til. Neither element nor operator will be hurt. 


| -LINDBER' 
> 


Research in titanium reduction and annealing by Dr. E. W. 
Johnson, Advisory Metallurgist, developed this vacuum arc furnace 
for commercial use. The consumable sponge titanium electrode, 
shown, is reduced to a highly pure titanium ingot. 


Expanded design engineering is supervised by R. W. 
Brown, Engineering Manager, for Westinghouse gas and 
electric furnaces and atmosphere generators. Additional engi- 
neering facilities handle induction heating equipment. 
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Launching new 


Industrial Heating 
Division 


L. R. HAGUE OF WESTINGHOUSE CARRIES NEW 
PROFIT OPPORTUNITIES TO CUSTOMERS 


Big and growing opportunities in metal treating are 
creating a need for broader equipment know-how 
and service. The answer to these needs is being put 
before customers by L. R. Hague, Division Manager, 
in over 10,000 miles of introducing Westinghouse 
major new Industrial Heating Division. 


Cadre of key men 

“Westinghouse new organization grows around key 
men with careers in metallurgical processing,” re- 
ports Hague. “Their experience expedites problem 
solving on all types of equipment... gas and electric 
furnaces, atmosphere generators and induction heat- 
ing equipment applications. Some of these involve 


Project engineers, C. E. Peck and E. J. Seabold, work with 
Westinghouse customers in engineering, manufacture and 
installation of units such as this continuous annealing furnace, 
to be tested and ready to go in the customer's plant. 
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more than one type of heat-treating and many instal- 
lations incorporate work-handling advantages for in- 
line production.” 


Turn-key contracts 

Manufacturing and field service organizations have 
expanded, too. They integrate their planning with 
customer timetables for equipment installation. Full 
erection and supervision of start-ups are provided ia 
what Westinghouse calls tarn-key contracts. 


Research rapid 

Hague points, in addition, to Westinghouse pioneering 
in new fields of metallurgy. “Developments in vacuum 
metallurgy, induction heating and other techniques 
are progressing rapidly,” he said. “Equipment devel- 
opment is a part of Westinghouse large metallurgical 
research program.” 


On-the-spot planning 

This year many plants plan heat-treating expansion. 
Many more will check heat-treating obsolescence — 
looking for troublemakers that cause extra handling, 
distortion, decarburization or scaling. “Call your local 
Westinghouse industrial heating sales engineer for 
counsel on these problems,” Hague recommends. 
“He will bring broad equipment knowledge and serv- 
ice facilities for new profit opportunities.” )-10449 


you caw BE SURE...1F iTS 


Westinghouse 


industrial heating sales engineers are kept abreast of new 
developments and techniques in regular reviews with L. H. Gillette, 
Marketing Manager, and R. R. La Pelle, Furnace and Atmosphere 
Generator Application Manager. 
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BRISTOL’S 


Instrumentation News 


* News of instrumentation and automatic control in industrial heating and metallurgy + 


New instruments pass tough “field” tests at home 


New Bristol instruments for metal- 
treating operations have a ready-made 
proving ground in Bristol's own socket 
screw manufacturing division. 

Bristol instruments monitor and auto- 
matically control every phase of the 
Socket Screw Division’s metal treatment 
~ including a variety of continuous and 
batch-ty xe furnaces, salt-baths, and tin- 
ning ad degreasing operations for spe- 
cialty products, 


HEAT-TREATING FURNACES (above) for Bristol's 
own socket screws give Bristol instruments 
(left) a thorough workout. 


Completely automatic control assures 
highest quality and uniformity for Bristol 
socket screw products. New instruments 
get grueling “field” tests before they're 
released for general distribution. And, 
last but not least, visitors to the Water- 
bury plant can see Bristol instruments 
under actual load conditions. 

Drop in, when you're in the New Eng- 
land area, and watch these precision in- 
struments at work! 


aa 
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Telemetering helps control 
steel plant fuel 


This Bristol telemetering installation helps 
U. S. Steel, Gary, Indiana, get the highest 
steel production with the lowest possible 
fuel cost. 

The panel shows the amount of coke-oven 
and blast-furnace gas used throughout the 
plant as well as gas pressures at critical loca- 
tions, With this complete supply and de- 
mand information at their fingertips, fuel 
dispatchers can control distribution oe max- 
imum efficiency and economy. 
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Precision rolling mill produces 
steel tapes 0.000125” thick 


This precision cold-strip mill at The Ar- 
nold Engineering Company, Marengo, IIli- 
nois, rolls ultra-thin 
for magnetic cores. The core strips may 
as thin as 0.000125” and must be held to ex- 
tremely close tolerances. To achieve the nec- 
essary precision, AccuRay gauges—employ- 
ing Bristo! Dynamaster recorders—measure 
thickness of material on both sides of the 
rolling mill. The AccuRay equipment is built 
by Industrial Nucleonics, Columbus, Ohio. 


New control techniques 
cut fuel bills for metals 


In 20 years, fuel required for ingot heat- 
ing has 50 to 60%. 

A big share of the credit for this fuel econ- 
omy goes to automatic control and instru- 
mentation techniques developed recently. 
These new techniques, with better, faster, 
more accurate sensing and response, have 
chalked up significant savings, not only in 
fuel, but also in fixed charges, rolling time, 
and maintenance costs. 

Probably most important for big savings 
is control of furnace temperature and atmos- 
ahere. Furnace pressure may be regulated 
* positioning the stack damper. Fuel-air ra- 
tio can be controlled by a valve in the air 
line. Air requirements for combined fuels 
may be sotalined for better distribution of 
fuel throughout the plant. 

Proper temperature-time sequences or 
“time cycles” also rack up big savings. Step 
heating sequences, differing for various metal 
ingots, no longer need be programmed by 
rule of thumb. Instead, any predetermined 
sequence of temperatures can be maintained 
automatically and easily changed to suit 
particular batches. 


THESE BRISTOL ELECTRONIC AND AIR-OPERATED 
pyrometers automatically control regenera- 
tive soaking pits. Platinum, platinum-rho- 
dium thermocouples at pit covers are sensing 
elements. 


Want to apply these up-to-date control 
and instrumentation techniques to your 
industrial heating problem? Bristol engi- 
neers will be glad to talk over specific 
processes, problems, facts and figures with 
you. Write today to The Bristol Company, 
106 3ristol Road, Waterbury, Conn. 

HUMAN-ENGINEERED 


BRISTOL 


AUTOMATIC CONTROLLING, RECORDING 
AND TELEMETERING INSTRUMENTS 


POINTS THE WAY IN 
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WAUKESHA casts all 


STAINLESS STEEL 
Group | — Martensitic 


Group Ii — Ferritic 
Group Ill — Austentic 4 
Monel Pure Nickel, Inconel 
Brass and Bronze, Aluminum - 
Everdur, Aluminum Bronze 


WAUKESHA METAL 
Copper Base, High Nickel Content 
Corrosion-Resisting Alloy. Developed 
and Produced Only by 
Waukesha Foundry Company. 


6 
ee 


to meet your design needs... 
@ “Top” product designs and process equipment in nm these 


every field require “top” castings. 

Especially is this so where there is a critical corrosion- A 

resistant casting design problem combined with one m ° e r nv 
of hardness, or strength, elongation, wear resistance, 


bearing qualities, impact, scale resistance, seizing or a i i e eee 


galling, or intergranular corrosion among others. 


Waukesha has the right metal and the casting ability 
to produce castings precisely to specifications... 
castings that stand up to the severe demands of to- 
day's designs and process equipment demands. 


Metallurgical laboratory control guarantees you 
castings that are uniform, close-grained, free of 
porosity, metallurgically accurate in composition, and 
dimensionally correct—real! assets to your products. 


We suggest that you write for a casting quotation or 
engineering counsel. 

Waukesha Foundry Company, 

5605 Lincoln Avenue, Waukesha, Wisconsin. 


WAUKESHA—SPECIALISTS IN 
CORROSION-RESISTANT CASTINGS FOR ALL INDUSTRIES 
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Whatever your furnace 


needs for control— 


There’s good reason why more heat-treating 
furnaces everywhere are controlled by Brown 
instruments. First, of course, is performance .. . 
sensitive, precise control that meets the most 
exacting requirements of modern heat-treating 
techniques. And equally important is versa- 
tility. In this varied line of instrumentation 
you'll find just about everything a furnace 
could possibly need in the way of centrol. 


Choose ElectroniK Strip Chart Controllers for de- 

tailed, long-term records .. . and a selection of 

control forms including electric systems of the con- 
tact, position-propor- 
tioning (Electr-O-Line) 
and time-proportioning 
(Electr-O-Pulse) types; 
and pneumatic control 
from two-position to full 
proportional-plus-reset- 
plus-rate action 


Choose ElectroniK Circular Chart Controllers for case 
of scale reading . . . con- 
venient daily charts; in 
a full range of electric 
and pneumatic control 
forms. 


Note: the basic compo- 
nents of all ElectroniK 
models are interchange- 
able .. . to simplify and 
speed up service. 


Choose ElectroniK Circular Scale Controllers where 
you want readability 
and control check at ex- 
treme distance . . . with- 
out need for a record. 
Supplied with all con- 
tact and proportional 
types of electric control. 


Note: all ElectroniK 
models are available in 
both Standard and Pre- 
cision Series. 


Choose Pyr-O-Vane Controllers where you don’t 
need a record but do 
need precise vane type 
snap action electric con- 
trol by a millivoltmeter 
instrument... alsoavail- 
able with pulse-type 
time proportioning 
action, in both vertical 
and horizontal models. 


Choose the Protect-O-Vane Safety Cut-Off for simple, 
dependable excess temper- 
ature protection ...can be used 
with any temperature control 
to prevent furnace shut downs 
and loss of production. 

And for all your pyrometer sup- 

plies, investigate the conveni- 

ence and economy advantages 
of the HSM Plan. 


Product of the engineering skill of P 
C. I. Hayes, Inc., of Cranston, 
R. I., this giant furnace has a 
heating chamber 19’ long, 8' 2” 
high and 4’ wide. 


World’s largest 


electric steel 


forging furnace 


Listed in Catalog 
1531 are the varied 
types of Electronik 
Controllers . . . in- 
cluding electric and 
Pneumatic systems 
affording a broad 
selection of control 
action. Write for 
your copy. 
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JFURNACES 


ELECTRIC’ 


uses Zlectnonik instruments 


PECIALLY DESIGNED and constructed by C. I. 

Hayes, Inc., this mammoth furnace will heat up 

to 10,000 Ib. billets for forging in a 50,000-ton press 
at Wyman-Gordon Co. 


Forty-five Globar elements, with a total connected 
load of 600 kilowatts, supply the heat input for an 
operating temperature of 2400°F. under a controlled 
atmosphere. 


Accurate, dependable instrumentation is required . . . 
to keep the heating cycle as short as possible, 
for power economy . . . to avoid temperature over- 
ride, for protection of furnace and work. Sixteen 
ElectroniK proportional controllers were selected 
to handle this responsibility, and will help Wyman- 
Gordon Co. set production records with the largest 
“Certain Curtain” furnace ever built. 


H 


BROWWN 
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Through continuing cooperation with furnace manu- 
facturers and users, Honeywell is applying the 
ElectroniK principle to countless control problems. 
The improvements in operating efficiency, product 
quality, production rate, and savings in materials 
and labor have earned an enviable reputation for 
ElectroniK controllers. 


These instruments, and others in the complete 
Honeywell line, are highlighted on the opposite page. 
To help select the type that suits your specific needs, 
call in your local Honeywell sales engineer for a de- 
tailed discussion . . . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim Avenues, 
Philadelphia 44, Pa.—in Canada, Toronto 17, 
Ontario. 


NN EAP OLS 
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NEW COLOR CODE 


for steel identification 


CARBON STEEL BARS 
C1020 
Pinon 


KEY TO COLOR SYSTEM 


Added (Purple Dot) 


ALLOY STEEL BARS 
@ Under .30 Corton 
10 under 40 Coro, 

@ 40 to under 50 Carb. or 
C1095 .50 Carbon ond over 
PURPLE @ Ledioy (Solid Purple) 


© Series /Leoded 


@© 4100 Series 
4300 and 4600 Series 
6600 and 8700 Series 


BLACK 

C1212 
ORANGE C123 

$ low Corbon—High Mong. 
BROWN Med. Carbon—High Mang. 
REO 


@© 6100 and 9300 Series 


Accy. Stock (Solid Red) Speciol Grovnd Finish 


Gound (Holf Red) 


Specicl Ground Finish. 6. Other colors designote related grovps of steel. 


NEW RYERSON STEEL COLOR CODE 

1. Single colors are for Carbon ond Corbon-Mangenese steels. 2. The Corbon colors Green, 
Bive, Yellow ond Pink define Carbon content. 3. Centered dots of these Carbon colors indi- 
heat treated condition. 4. Other dots identify edditional characteristics. 5. Red 


AISIOSAE ANALYSES 
CARBON STEEL BARS 


Ground Screw Med. Carb. 
Stock High Mang 


@ 


cu 
|@ 

oar 
¢ 


Leaded 
Acey cu 


ALLOY STEEL BARS 


4100 4300, 4600 6600, 6100 | O. 4. Screw Med. Carb. 
Ser Servs 


| 
mn 
™ 
2) | | 
4 


©/@|@ 


“ont £6190 
tow Anid 


(See key above) 


SPECIAL PURPOSE STEELS 
ALLOY STEEL BARS 


aycur 

wan free 
Ch) 

©) 

Rycut 47 Rycut 


AIRCRAFT QUALITY ALLOY STEEL BARS 


Norm nat 


STEEL PLATES 


nes 


Addi 
(Meet Tr. 


(g) 
( ®) 


© DD © 


Curt Card 


Strongin 
Low Alley 


COPYRIGHT 1956 JOSEPH T. RYERSON & SON, INC 


KEY TO COLOR SYMBOLS: 


A—ALUMINUM BK —BLACK 


GO—GOLD O—ORANGE 


BR— BROWN GR—GREEN P—PURPLE 


PK — PINK 
R—RED 


WwW — WHITE 
Y—YELOW 


For Stainless steels and other products, see your Ryerson Stock List 


More logical system 
aids quality control 


Accurate identification of steel—al- 
ways a point of paramount importance 
with Ryerson—now becomes even 
more meaningful than before with the 
introduction of a new system of color 
marking. 


Based on logical groupings of re- 
lated types of steel, this new Ryerson 
color code is easy to understand, re- 
member, and use. It strengthens still 
further the rigid program of quality 
control that for years has guarded the 
known high uniform quality of Ryer- 
son Certified Steel. 


Here’s how the system works: 


1. Single colors are used for standard 
Carbon and Carbon Manganese 
Steels. 

2. The colors GREEN, BLUE, YELLOW 
AND PINnkK always define Carbon 
content. 

3. Centered dots of these Carbon col- 
ors always indicate the heat treated 
condition. 

4. Centered dots of other than Carbon 
colors identify characteristics other 
than analysis, carbon content or the 
heat treated condition. 

5. Brack, ORANGE, 
GoLp and Brown each designate a 
related group of steels. 

6. Rep marking of any kind always 
indicates Special Ground Finish. 

If you do not already have this new 
steel identification chart, we will be 
glad to send a copy (printed in full 
color) for your Ryerson Stock List. 
Call or write your nearby Ryerson 
plant, or write Box 8000-A, Chicago 
80, Llinois. 


RYERSON 


JOSEPH T. RYERSON & SON 
PLANTS AT: NEW YORK - BOSTON - 
PHILADELPHIA CHARLOTTE, N.C 
DETROIT PITTSBURGH - 


, INC; 
WALLINGFORD, CONN. 
CINCINNATI CLEVELAND 
BUFFALO CHICAGO MILWAUKEE 


ST. LOUIS - LOS ANGELES - SAN FRANCISCO - SPOKANE - SEATTLE 
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Points 


By The EDITOR 


Physics, Metaphysics 
and Atomic Power 


Cuicaco, pinch-hitting for Bill Eisen- 


man in presenting a handsomely engrossed 
and framed charter to the newly formed Chicago- 
Western Chapter and, with 300 
ASMembers, was delighted with the cordial 
hospitality of the staff at the Atomic Energy 


Commission's Argonne National Laboratory. The 


more 


morning Was occupied by a seminar on gases 
in metals, a standing-room-only affair, and there 
I engaged in a friendly argument with Larry 
Darken (one of the seminarians, and in private 
life assistant director of fundamental research 
for U.S. Steel Corp.). It might really be a prob- 
lem in semantics. 

He said that he didn't like the phrase “gases 
in metals”, because hydrogen and nitrogen are 
not gaseous when they find themselves inside 
metals; furthermore he recommended that metal- 
lurgists might do well to put aside the mathe- 
matical “black magic” sometimes used to explain 
effects — substituting for it the 
simple idea that the atoms of hydrogen or nitro- 


the observed 


gen merely combine with the imperfections in 
the lattice. Whereupon I likened him to Jean- 
Paul Sartre and chided him for substituting a 
new black magic for an old, for it would take 
a necromancer to explain to me how something 
can combine with nothing — but of course, as I 


said, it is merely that our static language of 
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spoken words has a hard time to keep up with 
the advances in metallurgical concepts (a diffi 
culty less real, by the way, to one who under 
What 


Darken meant to say was that the various natural 


stands the mathematician’s 


language ). 
imperfections in a “solid” metal — the vacancies 
within the crystalline lattice, the disregistry of 
atoms along slip planes, and the more complete 
disorganization at grain boundaries provided 
natural lodging places for such stranger atoms 
wherein conditions were such as to attract and 
hold them. 

S. S. Sidhu, senior physicist in the Argonne 
Metallurgy Division, also came up with another 
idea which startled us conventional thinkers: He 
has been studying three metal-hydrogen systems 
by neutron diffraction, The metals are zirconium 
hafnium and titanium (all of which have identi- 
cal electronic populations in the outer shells and 
therefore all should react in similar ways — as 
they do, but that is not the news). The hydrogen 
he used was the heavy isotope, deuterium, be 
cause it can diffract a neutron beam just as effec- 
tively as the heavy metals diffract an X-ray beam 
In other words, he has a mechanism to discover 
how the hydrogen (or rather, the deuterium, D* ) 
distributes itself in these three metals. The real 
solubility is very low — before more than a few 
atoms per million of deuterium get into the pure 
metal, the neutron diffraction pattern shows lines 
of a new phase, a cubic crystalline arrangement 
In hafnium it corre 
sponds to a compound HED, »2.! Not HfD or 
Hf.D, or Hf,D, or HED., but HED, minus Dy ae. 
equals HED, 


in the hexagonal metal, 


There goes our old chemical 
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fundamental, the stoichiometrical ratio! Maybe 
Dy sez is combined with a vacancy, or perhaps 
may even be a nothing! So that night I dreamed 
a dream wherein Metastability was hotly pursued 
by Metaphysics. 

Two bons mots may be worth reporting: When 
asked a certain question about the metal ura- 
nium, Dr. Sidhu said, “Uranium is not a metal; 
it is a nightmare!” Again in answer to a question 
about the metallography of these hydrides (or 
deuterides) he said, “From my contacts with met- 
allographers I have found them to be like clever 
patent attorneys — whatever I submitted to them 
for examination, they always saw more in it than 
I claimed myself!” 

During the afternoon, while bus-loads of guests 
were touring various sites, the Editor had viva- 
cious companions in Frank Foote and James 
Schumar, director and associate director of the 
metallurgy division, Carl Samans, director of 
metallurgy for Standard Oil Co. of Indiana and 
chairman of the Chicago Chapter, @, Carl 
Swartz, consulting engineer and chairman of the 
Chicago-Western Chapter, @, and A. B. Kinzel, 
vice-president (research) of Union Carbide and 

Carbon Corp. Norman Hilberry, deputy director 
of the Argonne National I saboratory also dropped 
in, as well as Merrill Scheil, chief metallurgist, 
and John Chyle, welding engineer for A. O. 
Smith Corp., so the talk got around to practicali- 
ties and how to lick dat ol debbil hydrogen em- 
brittlement, but without reaching much of any 
conclusion exce pt that it was often difficult to say 
when a “brittle” fracture was due to lack of duc- 
tility in the metal or to undue restraint from the 
rest of the structure. 

Consider this problem in design: 

At Argonne a large steel cylinder, some 80 ft. 
diameter by 120 ft. high, with domed top, is being 
built to contain one of the power reactors in the 
A.E.C.’s five-year developmental program. Like 
the big sphere enclosing the submarine power re- 
actor near Schenectady, it is designed to contain 
any radioactive particles resulting from an acci- 
dent. Just one accident, In that unlikely event 
some rather high pressures might be generated, 
say 30 Ib. gage. 

Here's the question; Would you make this 
shield or container of thick plate and expect it to 
resist rigidly, or would you make it of thin plate 
and expect it to yield plastic ‘ally? Or could you 
give it even more expansibility by building some- 
thing like wavy wrinkles into it? How can you 
stop a shock wave which would start a crack? 
How give the steel or the shape enough plasticity 
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so it can deform plastically rather than shattering 
like glass? 

It’s an old problem, met in gun tubes, in pres- 
sure vessels and in hydraulic penstocks — an old 
problem, apparently ‘still unsolved. 

Talk also dwelt on the great interest in atomic 
power reactors by the public service corpora- 
tions, despite the certainty that cost per kilowatt- 
hour would be conside rably greater than from a 
modern steam plant. Here seem to be the rea- 
sons: (a) They will be strong impediments to 
large future increases in the price of coal. (b) 
Private industry wants to get started on its own 
and forestall a future government monopoly, a 
second Tennessee Valley Authority. (c) A large 
part of the power cost is from capital charges, but 
if there is further inflation, a high-priced power 
plant is better than money in the bank. (d) All 
the plants are being sponsored by cooperative 
groups of several large companies — the risk to 
any one firm is minor. (e) Finally is the cynic’s 
view that the public service industry makes its 
money through the distribution facilities, and is 
comparatively insensitive to the raw cost of the 
thing it distributes. 

At the @ charter presentation dinner that same 
evening, Hilberry recalled that he was one of 
a group of physicists who started working under 
the grandstand at Stagg Field to find out if a 
chain reaction in uranium was possible. The 
name “metallurgical laboratory” was a_pertect 
cover for this most hush-hush of war operations — 
it was something the trustees of the University 
of Chicago had talked about interminably but 
had never done anything about. Within a couple 
of weeks these physicists found they needed a 
chemist or two; a little later some mathemati- 
cians arrived; when they added medicos they 
thought the staff was we Il rounded out. Only a 
month or so later did they discover that me tallur- 
gists were also essential to the team —and the 
situation has never changed, for as Dr. Hilberry 
said, “We physicists can dream up and work out 
all the details of power reactors based on dozens 
of combinations of the essentials, but it’s only 
a paper reactor until the metallurgist tells 
whether it can be built and from what. Then 
only can we figure whether there is any hope 
that they can produce power at a price.” 

So it was easy for the Editor, in present- 
ing the Chicago-Western charter to Chairman 
Swartz, to say that this new group and these 
young men had before them possibilities unlim- 
ited — which to my mind is one of the definitions 


of America. 
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The First Commercial Plant for 


Electrowinning Chromium 


By M. C. CAROSELLA and J. D. METTLER* 


Highest purity chromium is needed for superalloys, cermets 
and powder metal products. The new Marietta plant 


makes it from high-carbon ferrochromium — an electric furnace product — 
which is dissolved and 99.807 chromium electrodeposited 


Evecrro Meraccorcica Co. and 
some of the other subsidiaries of Union Carbide 
and Carbon Corp. have been interested in chro- 
mium metal of high purity. “Electromet”, of 
course, has a large interest in the production and 
sale of alloying metals as well as ferro-alloys, 
which interest dates back to the verv formation of 
the company. Within the past 15 years there has 
grown a demand for chromium metal of hitherto 
unattainable purity for the formulation of low- 
iron alloys based on cobalt-chromium or nickel- 
chromium combinations suitable for oxidation 
and corrosion resistance, and for chromium car 
bide and cermets for high-temperature service. 
Furthermore, there seemed to be some possibility 
that ductile chromium metal could be produced 
and this would open up a new area of interesting 
possibilities and engineering uses, 

At the time, chromium metal could be and was 
being made by either electrothermic reduction 
by silicon or by aluminum, but the best of this 
product was fairly high in iron and silicon and 
these impurities could not be lowered substan- 
tially because they occur in the necessary raw 
materials of commercial grade. Consequently 
the Metals Research Laboratories turned atten 
tion to electrolytic processes, The fundamental 
ideas were that in an economical commercial 
process the source material must undergo some 
degree of purification or enrichment from the ore 
in order to eliminate a major portion of the im 
purities, and this beneficiated material must be 
in a form which can be dissolved easily. 

Economic studies showed that the most readily 


available and cheapest source, free from many 
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in diaphragm cells from a chromium-alum solution. (C 23, Cr) 


high-carbon ferro- 


elements, was 


extraneous 
chromium, a standard product of Electro Metal- 
lurgical Co, produced in the electric furnace. 
This alloy is readily soluble in sulphuric acid 
Thus a new process evolved, combining standard 
electric furnace refining and electrolytic deposi 
tion into one integrated procedure to produce 
high-purity chromium from ore 


Studies by U.S. Bureau of Mines 


For many vears the U.S. Bureau of Mines has 


studied the economic utilization of domestic 
and the 


electrowinning of pure chromium from them. 


chromium ores, substandard in grade 


After the ore was roasted by the lime-soda 
process, a satisfactory chromium sulphate electro 
lyte could be prepared, but this scheme con 
sumed too much costly chemicals, Further work 
by the Bureau at Boulder City, Nev., led in 1945 
to a cyclic process wherein all the anolyte was 
consumed in dissolving the highly refractory 
chromite ores. Although technically sound, the 
many steps required to produce a sufficiently 
pure electrolyte rendered the process costly from 
both operating and construction viewpoints 
Meanwhile, in an independent investigation 


in our laboratories at Niagara Falls, a process for 


eA chapter (somewhat abridged) from the forth 
coming @ book on Ductile Chromium and Its Alloy 
The authors gratefully acknowledge the assistance 
of members of the Metals Research Laboratories, the 
Marietta, Ohio, and the 
metallurgical and engineering departments of the 
Electro Metallurgical Co. for their as 


preparation of this paper 


operating department at 


istance in the 
as well a permission { 


the management to publish 
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producing a pure electrolyte 
from high-carbon ferrochro- 


mium had been developed 
I H,$O. 


and patented (U.S. Patent Make-Up L_ 


High-Carbon Ferrochromium 


Grinding 


2,651,611). In this process 


sulphuric acid and excess re- 


duced anolyte were used as a Wash 


solvent. The solution, after Water} 


being separated from the resi- Bleed Of —Spillage 


due, was treated with a base 
for preferential precipitation 


of chromium as a basic sul- Precipitation 


phate containing only minor 
amounts of iron. This precipi- Filtering 
tate was dissolved in reduced 


anolyte to provide a satisfac- 


Na 


Precipitate {filtrate (NH,) ,SO, 


Filterin 
_Siliceous Residue 


| ge Residue Wash Water 
Conditioning 


Crystallizing 


Filtering Make-Up 


tory cell feed. 
At about the same time 
(1950) R. R. Lloyd and his 


Mother Liquor 


Mother Liquor 


Aging Crude Iron Sulphate 


Filtering 


Conditioning 


associates at the Bureau of 
Mines developed a compara- 
tively simple and completely 
cyclic process which em- 
bodied the leaching of high- 
carbon ferrochromium with 
reduced anolyte and make-up Dilvent 


Recrystallizing 


Chromium 


Filtering 


Dissolving t 


| 
} Ferrous Ammonium 


Clarifying 


sulphuric acid. Since the two Water 
research groups were pro- 
ceeding along similar lines, 


Catholyte Overflow 


Sulphate 


lectrolysis 
Chromium 


the Electro Metallurgical Co. 
entered into a cooperative 
agreement with the Bureau 
of Mines wherein it was 


Sulphur Dioxide 


Reduced Anolyte 


= Ww 

ashing 
4 ‘ 


Degassing 
Reducing 


Market 


agreed that the Bureau would 
convert 6 tons of high-carbon Vig. 1 — Flou 
ferrochromium to chromium 
in its pilot plant. It was also 
agreed that our engineers could observe the pilot 
plant in operation and that we would undertake 
to evaluate the marketability of the product by 
providing potential users with generous samples 
of the metal at no charge, In the end, practically 
every such user stated that electrolytic chromium 
was as good as or better than electrothermic 
chromium. 


Materials of Construction 


We then decided to build a pilot plant at 
Niagara Falls to perfect the process and obtain 
engineering information necessary to design a 
production plant. In addition to perfecting an 
operating cycle for a large commercial plant, 
later built at Marietta, Ohio, much of the pilot 
plant effort concerned the equipment and mate- 
rials of construction. Hot solutions, very corro- 
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Sheet of Marietta Plant for Making Elec- 


trolytic Chromium From High-Carbon Ferrochromium 


sive and acidic and containing either strongly 
oxidizing or reducing salts, prevailed throughout 
the circuit. At the operating temperatures the 
use of plastics was limited. In addition to the 
tanks, we had to consider pumps, launders, hose, 
anodes and cathodes. The original cell and 
principal auxiliaries followed the designs used 
by the Bureau of Mines: Koroseal-lined steel was 
used for the tank, Lucite for the anolyte frames 
and associated internal parts, and ‘wood for 
cathode frames and the necessary structural 
members. 

Although Koroseal withstood the corrosive 
conditions at the prevailing temperature of 60° C. 
(140° F.), failure occurred at the bond between 
it and the steel, causing blisters which changed 
the cell dimensions and eventually permitted the 
solution to get into contact with the steel. Numer- 
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Table I — Typical Analysis of Solutions in Chemical Circuit 


cells would have to be shut down, 


SOLUTION 


Cr hy NH 


Leach filtrate 
Residue wash water 
Crude iron mother liquor 
Ferrous ammonium sulphate 

mother liquor 
Chromium-alum mother liquor 20 
Cell feed 130 


COMPOSITION ING. PERI 


Free H.SO, 


drained and cleaned before opera- 
tions could be resumed. It was also 
found that a minimum current den 
sity of 45 amp. per sq. ft. of cathode 
area was required to prevent the 
cathode deposit from dissolving at 
the normal operating pH level 


Commercial Plant at Marietta 


ous other coatings and plastics were tested, and 
finally glass cloth-reinforced polyester was found 
to meet the conditions of corrosion resistance 
and electrical insulation. 

The anolyte frames are in contact with both 
the strongly acidic and oxidizing anolyte and 
the mildly acidic and strongly reducing catholyte. 
Lucite had fair corrosion resistance to both solu- 
tions. However, the frames and auxiliary parts 
softened at the 60° C. (140° F.) operating tem- 
perature which caused the anolyte frames to 
warp inwardly. This seriously affected operations 
because the diaphragms which were supported 
on these frames sagged and changed position. 
Molded and annealed polystyrene proved satis 
factory against both corrosion and warpage. 

Internal parts made of wood were satisfactory 
in the pilot ce!l. Plastic-impregnated wood was 
found to be more resistant to decomposition and 
was more dimensionally stable. 

Extensive corrosion tests were made on a wide 
variety of alloys and metals in all of the plant 
solutions. Lead, silver-bearing lead, and Hastel- 
loy C and D were the most resistant materials to 
the hot, strongly acidic leaching solution. In the 
relatively cool chromium-alum solution, Hastel- 
loy A, B, C and D, nickel, Monel, Inconel, N-238 
alloy, lead and silver-bearing lead were highly 
resistant. Hastelloy C, N-238 alloy, lead, silver- 
bearing lead and stainless steels offered the best 
resistance to the strongly oxidizing acidic anolyte 
solution. 

Several solutions in this process vary widely 
from reducing to strongly oxidizing. Hastelloy 
C, lead and silver-bearing lead were the only 
materials that offered satisfactory corrosion resist- 
ance to all these different environments 

The effects of power interruptions on the cell 
were observed. Stoppages as short as 20 sec 
caused sufficient re-solution at the metal surface 
to prevent resumption of plating when normal 
current was resumed, Any current interruption 
would therefore be quite disastrous in that the 
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When an analysis of the pilot plant 
operations at Boulder City and at 
Niagara Falls showed that the various factors 
were favorable, a commercial plant was designed 
to produce 2000 net tons of chromium per year 
Actual construction at Marietta, Ohio, was 
started on May 8, 1951. Delivery of the many 
pieces of special equipment was slow and the 
leaching circuit was not started until Noy, 15 
1953. The first cells were started on Jan. 19, 1954. 

The general flow sheet is shown in Fig. 1. 
The plant is housed in a single building, but 
because of the wide difference in the nature of 
operations carried out in the chemical and elec- 
trolytic portions, an effective separation of the 
two sections was made. It should be understood 
that the two circuits must of necessity operate 
as a unit, but for clarity the chemical and elec 
trolytic portions are treated separately in the 
following description. 

Chemical Circuit — A 3000-lb. batch of high- 
carbon ferrochromium, sized to pass through a 
20-mesh screen, is fed slowly to a brick-lined, 
lead protected steel leach tank where it is dis 
solved in a mixture of reduced anolyte, chro 
mium-alum mother liquor and make-up sulphuric 
acid at a temperature near the boiling point 
Leaching plus digestion time is 48 hr. per batch 
During the reaction a large volume of hydrogen 
is liberated and a ventilating system, capable 
of maintaining hydrogen concentration below 
explosive limits, exhausts the gases to a scrubber 
In this step evaporation is controlled to keep the 
volume of solution in the circuit in balance 

After leaching, the slurry is dropped into a 
holding tank where the cold mother liquor, com 
ing from the ferrous ammonium sulphate crystal- 
lization, is added to cool the batch to 80° C. or 
lower (below 175° F.). The undissolved solids, 


consisting mostly of silica and less than 5% of the 


chromium in the feed, are separated from the 


solution in a rubber-covered filter. This residue 
is washed with water and discarded, The filtrate 
is advanced to a brick-lined, lead-protected steel 
conditioning tank, where the chromium is con 
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Fig. 2— Acidproof Horizontal Filter 
to Separate Chromium-Alum From 
the Purifiwation Circuit After Aging 


verted to the non-alum-forming modification by 
holding several hours at high temperatures, 
This conditioned liquor is then pumped into a 
rubber-lined, batch-type erystallizer and the tem- 
perature is reduced to approximately 5° C, (40° 
F.) in 90 min. Crude 
which are formed during this cooling period 


4 Fe and 6.7% NH, ) are 


liquuos 


iron sulph ate crystals 


(containing 3.47 Cr, 6.5! 
separated from the on an acid- 
proof, drum vacuum filter. For good separation 
of iron it is necessary to feed the system well- 
to cool the 


and to filter before re-solution 


conditioned liquor, solution in the 
cerystallizer rapidly 


can occur, 


Fig. 3— General View of Cell Room at Marietta 


Turning now to the treatment of the byproduct 
at this point, the solution resulting from washing 
the leach residue is used to dissolve the crude 
iron sulphate. Ammonium sulphate, equivalent 
to the amount discharged from the system with 
the ferrous ammonium sulphate cry stals, is added 
to this solution and conditioned for several hours 
at elevated temperatures, and ferrous ammonium 
sulphate crystals then recovered in equipment 
similar to that used for the crude iron sulphate. 
This byproduct is dried in a rotary drier. Cur- 
rently, a portion is being sold as a fertilizer for 
its ammonia content, and other uses for it are 
being developed. 

Returning now to the main processing circuit, 
the mother liquor separated from the crude iron 
sulphate is clarified in an acidproof filter press 
Aging takes place 
in steel thickeners lined with Koroseal. 


and sent to the aging circuit. 
These 
tanks are designed to hold approximately 10 days’ 
production of mother liquor, because the trans- 
formation rate of chromium from the green to 
violet or alum-forming modification is quite slow. 
Aging and yey are carried on at ap- 
proximately 30° C, (85° F.). About 80% of the 
chromium. is as from the aging 
The crystal slurry is filtered and washed 
on an acidproof horizontal filter (Fig. 2). The 
filtrate is pumped to the leach circuit and the 
washed chromium-alum og (now analyzing 
9.1% Cr, 0.01% Fe and 3.0% NH, 
hot water to produce cell teed which is filtered 


circuit. 


are dissolved in 


prior to entering the electrolytic circuit. 

Typical analyses of the various solutions in 
the chemical circuit are shown in Table | 

Electrolytic Circuit — Successful electrodepo- 
sition of chromium from chromium-alum_ solu- 
tions requires relatively narrow control of pH of 
the catholyte and preservation of the divalent 
chromium formed at the cathode. Sulphuric and 
chromic acids formed at the anode must be pre- 
vented from mixing with the catholyte in order 

prevent oxidation of the divalent chromium 
and to maintain pH control. For this reason the 
cells are equipped with diaphragms of limited 
porosity which tend to prevent the anolyte from 
mixing with the catholyte. A further requisite is 
a rapid but nonturbulent flow of electrolyte over 
the cathode surface. 

Although the physical design of the Marietta 
cells is similar to those developed by the Bureau 
of Mines, the materials of construction are com- 
pletely different. The tanks, based on consider- 
able testing of materials, are molded in one unit 
consisting of glass cloth laminated and bonded 


METAL PROGRESS 


re 
£* 
- 
54 


with polyester resin. Anolyte in the cells is con- 
tained in internal frames and header boxes made 
of Bakelite’s C-11 plastic. Cathode frames and 
internal supports are made of maple impregnated 
with plastic, our pilot plant having shown that 
this had longer life than untreated wood. Cells 
are cooled with coils made of Karbate tubing. 

Figure 3 shows a general view of the cell room 
at Marietta, and it can be seen that the cells are 
covered and are strongly ventilated by induced 
draft, sufficient to reduce the hydrogen concen- 
tration well below its lower explosive limit and to 
lower the hexavalent chromium concentration in 
the cell room far below harmful limits to operat- 
ing personnel. Exposure to toxic quantities of 
chromic acid or chromates causes dermatitis and 
deterioration of the mucous membranes. Long 
exposure to concentrations as low as 0.1 mg. CrO, 
per cu.m. of air is considered toxic. 

In the cell room the cells are arranged in two 
banks of 44 each. Direct current is supplied to 
each bank by a 10,000-amp. generator. Thus 
two generators provide sufficient current for full 
plant operation. Because of the serious con- 
sequences of any electrical interruption, a spare 
generator is available which may be switched to 
either cell line. 

Cell feed is supplied continuously to the op 
erating cells. Since this liquid is quite viscous, 
even when hot, it is mixed with a stream of cir- 
culating catholyte to lower the chromium con- 
centration. The amount of circulating catholyte 
must be kept to a minimum because, during cit 
culation, the divalent chromium is oxidized, and 
this lowers the current efficiency. The flow of 
this mixture is regulated at each cell to maintain 
the chromium concentration within optimum 
limits. Quantity of feed to the circulating stream 
of catholyte and to each cell is adjusted accord- 
ing to chemical analyses made regularly 

The pH of the catholyte in each cell must also 
be controlled within narrow limits. This is ac 
complished by controlting the amount of cath- 
olyte flowing through the diaphragms into the 
anolyte chambers. Increasing this amount in 
creases the ammonium ion concentration of the 
anolyte, and since ammonium ion can partly re- 
place the hydrogen ion transference to the cath 
olyte this has the effect of lowering the hydrogen 
ion concentration or raising the pH. Decreasing 
the amount of catholyte entering the anolyte 
chamber has the opposite effect. An adjustable 
weir on the catholyte chamber is used to regulate 
the flow through the diaphragm. The sulphuric 
acid content of the anolyte in the cell is con- 
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Fig. 4 


A Portion of the Plate Handling Area 


trolled at a concentration of 250 to 300 g. per 1. 
by the addition of water to the anolyte chamber 
When the acid concentration exceeds this limit 
the diaphragms deteriorate and ultimately pH 
control is impossible. 

Excess catholyte is withdrawn from the cir 
culating stream and pumped back into the aging 
circuit. Anolyte is treated with sulphur dioxide 
in packed towers to reduce the chromic acid to 
trivalent chromium, and then returned to the 
head end of the ferrochromium leaching circuit 
Complete reduction of chromic acid is necessary 
because high-carbon ferrochromium will not dis 
solve if oxidizing agents are present 

Cathodes of Type 316 stainless steel are with 
drawn from the cells on a 72-hr. evele. To avoid 
unduly upsetting the plating operation, one third 
of the cathodes are removed from cua h cell every 
day The loaded ( athoce S are plac ed on rie ks 
and transported to the plate handling area ( Fig 
1). Salt encrustations are dissolved in hot water 
The brittle cathode deposit, % to 4 in, in thickness 
is then stripped by a series of air hammers in a 
stripping machine. 

The stripped metal is crushed to pass through 
a 2-in. screen in a set of rolls and further washed 
with hot water in a classifier to remove soluble 
salts. Washed and sized metal is discharged into 
stainless steel cans which are placed in an elec 
trically heated furnace to dry and dehydrogenate 
the metal. The cooled metal is then packed in 
sealed drums for shipment Front, back and 
fractured surfaces of typical specimens of the 
metal are shown in Fig. 5 

Stripped cathodes are then shot-blasted to 
clean and roughen the surface, straightened, de 
greased in a detergent bath, soaked in dilute 


sulphuric acid to dissolve entrained grit, dipped 


dD 


‘ 


in anolyte and rinsed with water. They are then 
ready for return to the cells. Such preparation 
is extremely important to the efficiency of cell 
operation. Improperly blasted cathodes may 
shed the deposit in the cell, which fouls the op- 
eration by re-solution. Warped cathodes cause 
uneven deposition and treeing. Clean surfaces 
are necessary to assure a complete initial strike 
and coverage. Typical cell operating data are as 
follows: 


Cathode current density 70 amp. per sq. ft. 


Cell potential 1.2 volts 

Current efficiency 45% 

Electrical consumption 8.4* 

pH 2.1 to 2.4 

Catholyte temperature 53+ 1° C, (125.5 to 129.2° F.) 
Time of deposition 72 hr. 

Cathode material Type 316 stainless 


Anode material 1-99 Ag-Pb 


*Kw-hr. of alternating current to motor generators 
per lb. of metal produced, 


The current efficiency of 45% shown above 
represents an average for all operating cells in 


Table H-—Analyses of Commercial Chromium 


Source ov Mervat 

C1 99.80 98.00 97.80 

Ke 0.14 0.75 O.B5 

0.18 

Si Nil 0.60 0.50 

P Nil 0.03 0.02 

S 0.025 0.008 0.018 

Al Nil 0.02 0.03 to 0.50 
Mn Nil 0.07 0.40 

Cu 0.001 0.01 0.01 

Pb 0.002 0.001 0.001 


*Metallic basis 


tReduction of chromium oxide 
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Fig. 5— Photograph 
of a Fragment of the 
Cathode Deposit, Front, 
Back and Fracture 


the plant. Low efficiencies which always prevail 
during start-up of reconditioned cells are in 
cluded. A pH range of 2.3 to 2.4 in the catholyte 
is preferred; lower pH decreases current effi- 
ciency. The 2.1 to 2.4-pH range used in the 
plant at Marietta results in a somewhat lower 
current efficiency but provides the necessary safe 
operating latitude. If the catholyte pH rises to 
2.5 or higher, chromium precipitates in the cell 
and plating completely stops; the precipitate 
blinds the diaphragms and causes re-solution of 
plated metal. In order to restore plating condi- 
tions the cell then has to be shut down, drained. 
completely disassembled, and cleaned. 

Materials of construction limit the operating 
temperature of the cell to a maximum of 60° C. 
(140° F.), and as noted above, the temperature 
of the catholyte is kept down by cooling coils. 


Summary 


The Electro Metallurgical Co. has been a com- 
mercial producer of electrolytic chromium since 
1938, but only small quantities were made prior 
to the completion of the plant at Marietta early 
in 1954. Analyses of commercial chromium from 
the new and previous processes are shown in 
Table I. 

From the brief review given above, indicating 
that many types of special equipment are needed 
in carrying out the process, it should be apparent 
that plant costs as well as processing costs will al- 
ways be considerable. It is very difficult to fore- 
see any discoveries which will invalidate this 
statement. However, our research on this process 
has not stopped and we hope to make further 
improvements in the process, equipment, and in 
the quality of product. Several patents are 
pending as a result of recent discoveries, Se 
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Alloy 


Reclamation 


Vacuum Annealing 


By D. N. WILLIAMS, 
R. I, JAFFEE 


and C. A. BENTLEY, JR.* 


Excessive hydrogen content can cause embrittlement 
and thermal instability of titanium alloys. Annealing in a vacuum furnace 
will reduce hydrogen contamination and restore ductility. (J 23, Ti) 


a RAPID expansion of titanium alloy 
production from a few hundred pounds in 1946 
to several thousand tons in 1956 has caused many 
growing pains. Some were c: aused by production 


workers’ unfamiliarity with the new materials, 
others by the inevitable 
lots of alloys produced in low volume, Time 
solved many of the problems but it was not until 
fairly recently that erratic 


inconsistency between 


ductility, delayed 
cracking, and thermal instability of titanium alloy 
components were traced to excessive hydrogen. 

After the effects of hydrogen were determined, 
processing methods and controls were changed 
to avoid or minimize hydrogen absorption and 
the hydrogen content of titanium alloy parts is 
now consistently maintained at a safe low level. 
Unfortunately, worth of 
components had been 
scrapped and had to be reclaimed. A number of 
these 


millions of dollars 


hydrogen-embrittled 


components were reclaimed by vacuum 
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annealing to reduce the hydrogen content to a 
safe level. 

The value of a vacuum annealing treatment 
may not always be immediately apparent. For 
example, a number of forged and stabilized Ti 
140 A compressor wheels were rejected because 
the material failed to meet a minimum elongation 
specification of 15%, rates for these 
components varied from 27% to as high as 83%, 


depending on size. 


Rejection 


These wheels could be made 
ductile by heat treatment either in air or in 


vacuum, but vacuum treatment was found to 


*Dr. Williams and Dr. Jaffee are respectively 
assistant chief and chief of the nonferrous physical 
metallurgy division, Battelle Memorial Institute, 
Columbus, Ohio. Mr. Bentley is chief engineer, 
Kinetics, Inc., Hingham, Mass. Williams and Jaffee 
contributed the information on thermal stability 
from an investigation sponsored by the Aircraft Gas 
Turbine Div., General Electric Co. The description of 
production equipment was supplied by Mr. Bentley 
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Table I — Thermal Stability of Ti-140A Forging 


Heat TReatMeENT AND ULTIMATE Yietp Strenctu, ELoncation Repuction HyprRoGEen 
Dust Conpition Tensi_e STRENGTH 0.2% Ovrses in 4D IN AREA CONTENT 
As received 138,600 psi. 128,400 psi 10.4% 12.0% $30 ppm 
1000 hr, at 350° F., stressed 140,800 133,000 9.5 11.2 330 
200 hr. at 600° F 141,600 136,400 0.5 1.0 330 
200 hr. at 600° F.. stressed 147,900 141,200 2.0 3.1 330 
200 hr. at 800° F 68,200 0.0 0.0 330 
Heat treated in air 136,800 128,200 23.2 25.4 360 
1000 hr, at 350° F., stressed 138,800 130,800 10.8 11.2 360 
; 200 hr, at 600° F 148,500 138,000 0.0 1.8 360 
200 hr. at 600° F., stressed 144,000 0.0 0.8 360) 
200 hr, at 800° F, 71,800 0.0 0.0 360 
Heat treated in vacuum 135,100 123,200 ye Be 25.6 1) 
10600 hr, at 350° F., stressed 137,600 1 26,000 23.0 34.8 40 
200 hr. at 600° I 137,600 123,400 13.0 13.0 40 
200 hr. at 600° F., stressed 137,300 126,200 18.8 24.5 40 
200 hr. at 800° I 144,400 125,600 12.0 13.2 40) 
have additional benefit in improving thermal in Table I. Both the as-received material and 


stability and reducing strain-rate sensitivity. 
Tangential bars were cut from the forged 

compressor wheels and heat treated in air and 

in vacuum, In either air or vacuum, the ductility 

could be restored by annealing for several hours 

at about 1550° F., furnace cooling to the stabiliz- 

ing temperature, 1200° F., and holding for 1 
to 4 hr. Thermal stability was checked by expos- 
ing tensile test specimens to one of the following 
test conditions: 

Bg 1. Stress of 50,000 psi. for L000 hr. at 350° F. 

2. Without stress for 200 hr. at 600° F. 

3. Stress of 50,000 psi. for 200 hr. at 600° F. 

4. Without stress for 200 hr, at 800° F. 

The tensile properties after exposure are shown 


¥ 


the material heat treated in air embrittled rapidly 
at 600 and 800° F, and there was a noticeable 
tendency toward embrittlement at 350° F. Heat 
treatment in vacuum, however, eliminated most 
of the instability. Presumably, this is due to the 
removal of hydrogen which accelerates the de- 
composition of the beta phase, since alpha-beta 
alloys, because they are not in equilibrium at 
low temperatures, have an inherent instability. 
However, it is possible that the instability noted 
in the high-hydrogen material was caused by the 
precipitation of a hydride. 

The microstructure of Ti-140 A specimens heat 
treated in air and exposed for 200 hr. at 800° F. 
consisted of white alpha particles in a light gray 
beta matrix with a third dark gray phase which 
has not been identified. This phase does not 
appear in vacuum heat treated samples, and may 
be attributed to the increased instability caused 
by hydrogen. It was also seen in samples exposed 
at 600° F. but was not nearly so prevalent and 
did not reproduce intact on repolishing. Although 
the new phase appeared only in high-hydrogen 
material it was not possible to determine whether 
it was the product of normal beta decomposition 
accelerated by hydrogen, or a hydride. 

High hydrogen contents embrittle alpha-beta 
titanium alloys in slow-speed tensile tests and 
static notch-rupture tests. The high-hydrogen 
Ti-140 A specimens were tested in a notched 
(Kr = 3) stress-rupture test and failed in a 
brittle manner in about an hour or 


less W hen 


Structure of Hydrogen-Contaminated 
Ti-140 A After 200 Hr. at 800° F 
Nitric-hydrofluoric acid etch, 500 
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Titanium Alloy Blades Must 
Be Handled With Gloves to 
Prevent Fingerprint Stains 


loaded at 120,000 psi. Vacuum heat treated 
specimens could be loaded to 180,000 psi. and 
held for at least 6 hr. without failure. 

It is apparent that hydrogen can promote both 
instability at elevated temperatures and marked 
strain rate and notch sensitivity at room tempera- 
ture. Vacuum annealing of high-hydrogen titan- 
ium alloys (150 ppm. or greater) can, therefore, 
be expected to improve not only the low-tem- 
perature ductility properties of the alloy but also 
its thermal stability. This latter effect should 
prove highly desirable in many elevated-tem- 
perature applications. 

Cost of vacuum heat treating of titanium parts 
in a solid state depends, of course, upon length 
of the cycle and temperature required and these 
in turn are determined by part sizes and whether 
they must be stress-relieved or degassed. Thin 
components such as blades evolve gas at a very 
fast rate. Thick forged parts such as compressor 
disks evolve gas more slowly and sometimes 
require up to 36 hr. at temperature for effective 
degassing 

As an average cost figure, compressor blades 
between 3 and 12 in. in length can be stress- 
relieved for from $0.22 to $1.35 per blade. Em- 
brittled blades of the same size can be degassed 
and annealed, which requires a longer cycle, for 
trom $0.45 to $3.30 

During the past year Kinetics Corp. has re- 
claimed over $2,500,000 worth of hydrogen 
embrittled titanium scrap by means of vacuum 
heat treatment. Most of it has been for jet 
engine and aircraft manufacturers and Kinetics’ 
records show almost 100% success. Pieces re 
claimed include finish-machined or semifinished 
titanium compressor rings, blades, tubing, sheet 
and wire. Much of the material came in as scrap 
worth 50¢ per pound despite costly machining 
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operations, and went out as fully restored metal 


with greatly improved ductility and purity 

Degassing cycles may vary from 3 to 36 hn 
at temperatures ranging from 1250 to 1800" F 
depending upon the kind and amount of con 
tamination of the metal treated, For example 
three Ti-140 A jet engine disks weighing 72 Ib 
each were degassed by holding 36 hr. at 1250° F 
under a vacuum of less than one micron. Gas was 
evolved rapidly during the first few hours of heat 
treating and pressure increased to about 600) 
and then decreased slowly. After 36 hr. at tem 
perature the disks were cooled to below 500° F 
in 3% hr., the diffusion pump was shut off and the 
retort cooled with a fine water spray 

The vacuum-tight retort is an all-important 
part of the furnace system. It is subjected to 
temperatures up to 1800° F. and must. resist 
scaling and frequent thermal shock. Inconel is 
used for both retort and fixtures because of its 
high-temperature strength and resistance to scal 
ing. Some of our retorts are still in good condi 
tion after 5000 hr. of service 

In handling titanium, we have found that ex 
treme caution must be taken to protect it against 
contamination. While loading and unloading the 
charge, workers must wear white gloves because 
finger prints are almost impossible to remove 
from titanium except by sand or vapor-blasting 
The titanium parts tend to weld together at the 
degassing temperatures and they must be kept 
well apart with special Inconel fixtures 

Experience at Kinetics indicates that vacuum 
heat treating is an economical indispensable 
method of degassing, annealing and stress-re 
lieving titanium and titanium alloy parts, It is 
still a relatively new process in this country and 
it may find even greater use in improving the 


properties of other engineering alloys 6 
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Adolph 0. Schaefer 
President, A.S.M., 1956 
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O.., president of the American Society 
for Metals has spent his entire working life with 
one organization. In the fall of 1922 when he 
joined the firm, a freshly graduated bachelor of 
chemical engineering from the University of 
Pennsylvania, it was called Midvale Steel & Ord- 
nance Co. Shortly thereafter it became the 
Midvale Co., and only last winter the Midvale- 
Heppenstall Co, In these 34 years Ad Schaeter 
has steadily grown in responsibilities and in tech- 
nical influence — the latter far beyond the steel 
and forge plant in the Nicetown suburb of North 
Philadelphia. 

Back in 1922 when he was hired as research 
metallurgist he was assigned the “micro lab”. The 
small staff, directed by Jim Adams, had the most 
varied assignments in melting, forging and heat 
treatment. One of Schaeter’s most vivid recollec- 
tions concerns the little induction melting fur- 
nace; it was one of the earliest, and was continu 
ally blowing the heating coil and filling the shed 
with a black cloud of mica and graphite insula- 
tion, through which he would grope to throw the 
switch. Another is getting heaved bodily out of 
Mike Furness’s office — he was superintendent of 
the openhearth melt shop and he wasn't going to 
be told how to make steel by any college boy! 

For the first 20 years (up to 1942) Schaefer 
was mostly in the test department, being engineer 
of tests for the last seven; a title which concealed 
the real duties, which were those of chief metal- 
lurgical engineer for production and sales. In 
these years he worked closely with Dr. H. L. 
Frevert, the president, from whom he had much 
encouragement and a free hand. There were 
many problems concerning the special products 
other than ordnance, such as toolsteels and bear- 
ing steels. During this time also there was a tran- 
sition in pressure vessel and boiler construction 
from the large seamless drums in which Midvale 
specialized to welded plate construction. Devel- 
opment of large steam turbines and electrical 
generators, with a need for large rotor and 
spindle forgings, as well as Midvale’s heat treated 
rolls for cold rolling mills, helped keep the large 
presses and furnaces busy. 

Toward the end of this pre-war period, Schae- 
fer devoted more and more of his time to the 
metallurgical advisory committee of U.S. Army 
Ordnance. When, in 1941, manufacture of big 
guns began in earnest, he was made chairman of 
the development group of the Gun Committee 
consisting of representatives of some 32 com- 
panies, forging gun tubes of 20-mm. caliber and 
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up. Its job was to prevent bottlenecks in produc 


tion, anywhere, Eventually the 20-mm. guns were 
made from rolled bars or tubes, but even so the 
forging of larger artillery, recoil mechanisms, 
breech blocks, yokes and other parts involved 
many problems. Among them were the control of 
scarce alloy and cooperation with Great Britain, 
matters handled by committees with Quincy Bent 
of Bethlehem Steel Co. in the chair and on which 
Ad Schaefer served as operating or executive 
engineer for Midvale. (More recently, Midvale 
made the forgings for the first order of 280-mm 
“atomic guns”, described in Metal Progress tor 
February 1953. ) 

Later in the war, when America started build- 
ing jet aircraft engines, Schaefer was also ap 
pointed a member of the War Production Board's 
Superalloys Committee; his firm forged the first 
disks and has been quite active in this work ever 
since, He himself patented an austenitic 
Cr-Ni-W alloy composition for this service, but 
it actually has been of more use for high-tem 
perature bolting stock. 

During these years, Schaefer's title changed 
four or five times, and despite these time-con- 
suming extracurricular activities, his duties at the 
Midvale steel plant continually increased in 
importance to include supervision of all technical 
matters and all engineering and metallurgy 
within the plant itself. The end of the war 
brought many difficult readjustments, not least 
of which were caused by a six-months strike. 
Gradually a new order was established, which 
involved not only a new line of products but 
many difficult transfers of supervisors and man 
agement. Through all these, Ad Schaeters “in 
herent integrity” — as one of his former associates 
put it — stood him in good stead. “He was just 
as honest in those personal decisions as he was 
in innumerable technical ones. We could always 
depend on his taking the right side of a question. 
I doubt whether he has any enemies, even among 
those who may happen to dislike him for some 
reason or other.” 

In the late years Schaefer became vice 
president in charge of engineering and manufac 
turing, and under his direction the openhearths 
were modernized — Midvale still sticks to the acid 
process for making a superior steel — and a new 
roll shop built with its necessary heat treating 
equipment and lathes and other modern machine 
tools. While gun production went up in the 
Korean war, the principal output of large pieces 
is now heat treated alloy steel rolls, rotors and 
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spindles, heavy shafting, and high-alloy gas tur- 
bine forgings. 

Schaefer spent many months in Europe study- 
ing the “full-fiber” forging process wherein the 
dies are moved sidewise by wedges pushed down 
by the descending ram. While a superior crank- 
shaft can be made in this way, its web must be 
elliptical and this shape does not fit the American 
automotive designs, so the process was never 
exploited here, Midvale’s consolidation with Hep- 
penstall Co, integrates the above activities with a 
firm, nearly as old, manufacturing die blocks, 
rolls for tinning and galvanizing, rolled rings, 
and heavy handling equipment. Schaefer became 
director of research of the new firm. 

Adolph Schaefer's forebears have lived in the 
Easton and Reading area since before the Revo- 
lution. He was born on March 5, 1901 in Phila- 


Russians Use Tagged Isotopes 
Study Steelmaking 


Radioactive elements used to study passage of stock 


delphia and raised in Bala. He married Jessie 
Rae Brooks, a neighboring girl. They have two 
children, a boy, Adolph Jr., who graduated in 
business engineering University of 
Pennsylvania and is now in the army, and a 
daughter, Gretchen, now studying at Briarcliffe. 
About 18 years ago he moved up country to 
“Broad Axe”, a two-acre place north of Chestnut 
Hill, and he spends much time there, spring, sum- 
mer and fall, “growing everything in the seed 
catalogue” in a characteristically engineering 
way, “to get a quarter-peck out of a pint-sized 
plot”. His fruit trees are his pride and joy, but 
he ruefully admits they also seem as attractive 
to innumerable pests. All this prevents him from 
perfecting his golf game — much as he likes it. 

One would think that the above would be 
enough, but no, Ad Schaefer has taken such an 


from the 


through blast furnaces, wear of refractories, refining reactions in steelmaking 


A MeeTING of the Soviet Academy of 
Sciences was held in Moscow early in July of 
1955 at which some 80 papers on “the use of 
atomic energy for peaceful purposes” were read 
in sessions lasting a full week and attended by 
about 2500 scientists, engineers and experts in 
various branches of industry and agriculture. 
Copies of some of these papers were distributed 
in official translation at the Geneva Conference, 
later in the year. One of them by A. M. Samarin, 
had the interesting title: “The Use of Artificially 
Radioactive Isotopes in the Study of the Proc- 
esses of the Production of Steel and Iron”, A 
large portion of this paper consisted of such 
general statements as “The staff at Zaporozhstal 
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and origin of inclusions in ball bearing steel. (S 19, D general, ST) 


has used radioactive indicators to ascertain with 
a greater degree of accuracy the duration of 
solidification of steel in the mold required to 
obtain an ingot with a proper macrostructure” 
— obviously not a very informative item of news. 

Following are excerpts from Samarin’s paper 
which are somewhat more specific: 


Blast Furnace Process 


To investigate the movement of the charge 
down the shaft of the furnace, radioactive iso- 
topes were introduced into the ore, coke, sinter 
and limestone, and the intensity of radioactivity 
measured by counters at various places around 
and down the shell, and then checked by deter- 
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active part in the Penn Alumni that he was 
awarded the 1954 Alumni Award of Merit, and a 
special citation at the University’s 200th Anniver- 
sary. Of the Philadelphia Chapter @, he was 
secretary-treasurer for seven years, its chairman 
in 1939, and recipient in 1954 of its award as 
“Man of the Year in the Delaware Valley”. He 
was elected national trustee of @ in 1953 and 
president in 1956. He has taken a particularly 
active part in Subcommittee VI on Steel Forgings 
of the American Society for Testing Materials and 
is a member of the advisory council of the parent 
Committee A-1 on Steel, and has been a director 
of the Society. Being also a member of the 
A.S.M.E. Boiler Code Committee, he is a natural 
choice for chairman of the task force studying 
brittle fracture of large forgings. 

His associates say that “Ad’s outstanding char- 


mining the characteristic radioactivities in the pig 
iron and slag. 

It was found that the speed of transit can be 
controlled within a wide range by changing vari- 
ous factors. The burden moves downward at a 
faster rate along the vertical axis of the shaft 
than at the periphery. 

Upward movement of gases was investigated 
by introducing through one tuyere a radioactive 
inert gas and detecting its movement as noted 
above. Velocity of gas through a blast furnace 
with a shaft volume of 40,000 cu.ft. is 72 to 79 ft. 
per sec 

Since 1951 many plants in the U.S.S.R. have 
used small capsules of radioactive cobalt (Co ) 
to measure wear of hearth walls of blast furnaces 
Such capsules would be placed at various depths 
from the inner face of the hearth wall — say 6 in., 
16 in. and 30 in. from the face — such groups 
being placed at 120° in the horizontal cross 
section at strategic elevations, whereupon the 
wear is judged either by the appearance of Co*” 
in the pig iron or by measuring (outside the 
furnace ) the intensity of the remaining radiation 


Desulphurization 


The kinetics of desulphurization have been 
investigated with the aid of radioactive sulphur 
isotope S*° in soda ash and in a slag consisting 


of calcium oxide and alumina. It reveals the pos- 


sibility of driving down the sulphur with either 
reagent until the iron contains less than 0.0014. 
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acteristics are his kindliness, thoughtfulness and 
consideration for everyone he comes in contact 
with. Never, even in the most trying circum- 
stances, have I seen him treat people in a manner 
Another 
writes: “He impresses me most, through all these 


that would transgress their self respect “i 


an attitude 
which must derive from deep religious convie- 
tions. I say so because that’s the way he lives; he 
never expresses them.” 

Still another: “No one ever doubts 
about him. He is thoroughly honest, and never 
lets personalities influence his decisions or acts 
We all have unbounded confidence in his tech- 
nical ability, for he evaluates complicated situa 
tions quickly and thoroughly.” 

Such is the president of the American Society 


for Metals Adolph QO. Schaefer. 


years, as aman of complete serenity 


has any 


Speed of desulphurization is proportionate to the 
concentration of sulphur in the metal, and this 
rate can double as the temperature goes up. This 
influence of temperature leads to the assumption 
that the limiting factor in commercial desulphur 
ization is the transfer of sulphur by diffusion 
through nonmixing layers in the liquid slag 

Other investigations had to do with the ab- 
sorption of sulphur by molten metal from the 
atmosphere of openhearth furnaces at various 
stages in the heat. During melting some 10 to 
20% of the sulphur contained in the hot gases 
passes into the metal; at the same time some 
sulphur passes from the charge into the gas, 
though to a lesser extent. Combustion air en- 
riched with oxygen increases the speed of melt. 
ing a cold metal charge and thus helps in 
obtaining metal with a lower sulphur content. In 
the refining period but 1% of the sulphur con 
tained in the atmosphere of the furnace passes 
into the metal. 


Openhearth Operations 


Improvements in equipment for the detection 
of radioactivity in metal and slag have enabled 
us to reduce considerably the amounts of isotopes 
necessary for tests on full-scale furnace heats 
For example it has been established that radio 
active cobalt placed on the furnace bottom in 
front of the middle door in a 350-ton openhearth 
furnace is evenly distributed throughout the bath 
within 10 to 20 min. during the period of rapid 
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decarbonization. When this addition was made 
through the end door, the time required for 
even distribution of small additions in 24-ton, 
50-ton and 350-ton openhearth furnaces is 10, 
45, and 55 min, respectively. 

Thus the spreading of small additions in liquid 
metal is by turbulent diffusion, rather than 
molecular diffusion, since the mass transfer in 
liquid iron calculated on the basis of the above 
experiments is millions of times faster than the 
coefficient of molecular diffusion. 


Coefficients of mass transfer have also been 
determined in openhearth and electric are fur- 
naces of various capacities, using radioactive iso- 
topes of chromium, tungsten and sulphur. For 
example, it has been found that a piece of ferro- 
chromium weighing 45 lb., placed in a 190-ton 
openhearth furnace, is completely melted in 10 
to 20 min. 

Cold Metal Melting — A study of slag forma- 
tion required some information about the speed 
of melting of the cold metal. To do this radio- 
active isotopes of iron or cobalt were placed in 
the last ladle of liquid pig iron poured into the 
furnace, The speed of melting scrap could then 
be determined by the decrease in intensity of 
radiation of the metal samples taken from the 
furnace, as they became diluted with the metal 
already in the furnace. Naturally, the speed de- 


Fig. 1 — Distribution of Phosphorus With Time 
Between Metal and Slag During Openhearth Heat 
as Determined With the Phosphorus Isotope, P** 
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pends on many factors, particularly important 
being the temperature control, the condition of 
the bath after adding the liquid pig iron, and 
the time when interaction between the pig iron 
and iron ore ceases. 

In order to study the interaction between iron 
ore and metal, Fe®*, a radioactive isotope of iron 
(as oxide), was mixed with the ore and charged 
at various horizons. When ore and limestone are 
successively added as ore-limestone-ore in a 100- 
ton openhearth furnace, the upper layer of the 
ore starts to react with the liquid pig iron 20 to 
30 min. after melting begins, and the lower layer 
of ore in 60 to 90 min., that is after flushing the 
primary slag from the furnace. In other words, 
the iron ore charged under the limestone takes 
little part in the interaction between metal and 
slag, and notably in the dephosphorization. 

Dephosphorization — The phosphorus isotope, 
P*?, placed on the bottom of a 30-ton furnace in 
the period of intensive boiling is rapidly and 
evenly distributed through the metal and slag. 
The kinetic curves in Fig. 1 indicate that in the 
above conditions approximate equilibrium of 
phosphorus distribution is achieved in 30 to 40 
min. after melting the charge. This is followed 
by a slow rephosphorization resulting from rising 
temperature, 

Plotting the data in semi-logarithmic coordi- 
nates shows that the dephosphorization rate is 
proportionate to the concentration of phosphorus 
in the metal. This finding has led to a rational 
technology for obtaining slag of high phosphorus 
suitable as a fertilizer. 

The positive role that the slag which remains 
in the furnace after tapping the heat plays in the 
formation of slag in the subsequent heat has 
been revealed, as well as in the dephosphoriza- 
tion of the metal during the melting period. 


Inclusions in Steel 


Production of steel with minimum nonmetallic 
inclusions requires reliable data on the origin 
of these inclusions, and it is practically impossible 
to determine their source by chemical analysis 
or by metallographic examination. One cannot 
assert, for instance, that a particle of aluminum 
silicate results from deoxidation reactions with 
silicon and aluminum, since it could easily be a 
particle of slag, of refractory material from the 
furnace lining, or of the ladle. 


Radioactive indicators, however, can “tag” all 
the materials and thus determine the influence 
of every source separately. For example, we have 
made quantitative determinations of the con- 
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tamination of steel from its containers during 
tapping and pouring. The radioactive isotope of 
as CaCO, and CaO, 
\ special study by such means of ball bearing 


calcium, Ca‘ was used. 
steel made in either acid or basic electric furnace 
shows that slag formed in the reduction period 
is blameless in this respect. If the steel is bot- 
tom poured, about 10% of the nonmetallics come 
and another 20% from erosion 


from the nozzle, 


of the ladle lining. The latter also depends upon 


brick 


a half times as 


the character of the refractories; chamotte 


will introduce two to two and 
much as a high-alumina brick. 

Radiographs made from sectioned ingots show 
that nonmetallic inclusions are not displaced by 
growing crystals when the ingot solidifies. In- 
clusions in the melt are captured by branches of 
the growing metallic crystals, and this capture 
is strongly influenced by “interphase tension” and 


also by the linear speed of crystalline growth. @ 


Titanium Research Manual 
Reviewed by HAROLD MARGOLIN* 


MeTALLURGY OF THE RARER METALS, 
No. 4— Trranim, by A. D. McQuillan 
and M. K. McQuillan, Academic Press 
Inc., New York, 1956, 466 p., $10. 


for research in 
titanium, United 
States government financial support, has pro- 
duced an enormous amount of information on 


activation 
resulting from considerable 


The low energy 


this metal in the last decade. The authors have 
set themselves the formidable task of assembling 
and evaluating the broad spectrum of published 
data. Their principal interest, however, is the 
basic properties of titanium and its alloys and 
they have included sections on industrial tech- 
nology because it “is unusually dependent on the 
fundamental nature of the metal”. 

The authors’ approach in dealing with each 
research subject has been to present the available 
detail 
then evaluate it. When technology is considered, 


information in rather considerable and 


the problems involved are given, solutions as they 
have developed are presented and discussed in 


terms of metallurgical principles. The result is a 


*Engineering Scientist, New York University 
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Review... 


scholarly book, well written and easily read. 
The authors’ own research work has largely 
been concerned with phase equilibria and alloy 
theory, and more than 25% of the book is de voted 
to constitution diagrams. Their findings have not 
agreed with results obtained in this country prin- 
cipally in relation to the positioning of eutectoid 
temperatures and phase boundaries between beta 
and alpha-plus-beta fields. The 
used the results of their own work in evaluating 
constitution and TTT-diagrams. Recent studies 
at New York University suggest that the MeQuil- 
lans are generally correct in their interpretation, 


It is inevitable that this book should bring to 


authors have 


mind the 
ports being issued by Battelle Memorial Institute. 


Titanium Metallurgical Laboratory re- 


The Battelle group is more interested in practical 
metallurgy, and its reports usually present more 
data on a specific subject than appears in this 
book. On the McQuillans have 
devoted considerable space to fundamental met- 


other hand, the 
allurgy, metal production and fabrication and 
phase diagrams, subjects which are 
Metallurgy 
The difference in emphasis makes the 


not as yet 


covered by Titanium Laboratory 
reports. 
book and the reports logical supplements 

In summary we can say that this should be- 
come an indispensable reference book for the 


research metallurgist in the titanium field . ] 
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Descaling Steel Sheet 


Shot-Blasting 


By WILHELM OLSON* 


Shot-blast descaling of 

hot rolled low-carbon steel 
sheet and strip has not only 
relieved a procurement problem 
but has also reduced costs. 

(L 10, CN) 


, costs of extremely competitive, high- 


volume metal components such as automotive 
hardware are calculated very closely and_pro- 
duction is profitable only when steady and un- 
interrupted. Most of the hardware is made from 
hot rolled low-carbon steel and strip, pickled 
and oiled by the producer. When business is 
good, the material is scarce and difficult to obtain 
in the uniform quality required for forming 
operations. Unpickled steel is often easier to 
obtain but the scale from it is abrasive and short- 
ens die life considerably. 

With the increase in automobile production to 
record levels, steel mill pickling facilities became 
inadequate and we were forced to purchase a 
greater proportion of unpickled material to main- 
tain production. At first, we reshipped it to a 
separate pickling plant for reprocessing but the 
extra cost of double handling and shipment was 
prohibitively expensive. In addition, more storage 
space was required, under cover, for pickled 
steel, and outdoors for the unpickled material. 

After an exhaustive cost analysis, it became 


R , “ obvious that the steel should be descaled in our 
epresentatit e Automotive 


Hardware Produced in High *Metallurgist, Atwood Vacuum Machine Co 
Volume From Hot Rolled Steel Rockford, Il. 
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Interior Storage Area 
Required for Pickled 
or Shot-Blasted Steel 


own plant. A pickling installation could not be 
justified on the basis of space requirements and 
operating costs and the most economical solu- 
tion was a continuous shot-blasting machine. The 
equipment is a Wheelabrator belt-conveyer ma- 
chine and includes an outdoor roller conveyer 
a hoisting table and positioner, a series of 
straightening rolls, the blasting cabinet, exhaust 
system, oiling cabinet and a restacking and 
strapping table. 

All stock as received is stored outdoors, It is 
brought to the conveyer by a yard truck equipped 
with a hydraulic grip. Bundles are transferred 
to the loading table where suction cups lift one 
sheet at a time which is placed on the conveyer 
by a ram hook. If straightening is required, the 
rolls can be adjusted to suit; if not, they are 
separated to allow free movement of the sheets 
to the blast cabinet. Average belt speed is about 
30 ft. per min. and the capacity of the unit is 
about 240 sq. ft. per min. Both sides of the sheet 
are blasted at the same time. 

When the process was first installed, there 
naturally were problems to be worked out. Shot 
blasting intensity had to be controlled within 
reasonably close limits which could be deter 
mined only by experience. For instance, if travel 
speed is too rapid, or if blasting grit is not re- 
plenished properly, scale may not be removed 
thoroughly. A little residual scale may do no 
harm in press operations but does cause finishing 
problems. Automotive hardware is either zinc 
plated or painted and neither finish will adhere 
properly to scaled surfaces. 

If blasting is too heavy or the grit too coarse 
surface finish will be so rough that parts will 
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seize and tear in forming and drawing operations 


Proper blasting creates just enough roughness 
to hold a uniform film of lubricant; excessive 
roughness causes high ridges that result in metal 
to-metal contact under the high pressures re 
quired in press operations, Extra heavy blasting 
will also increase hardness as a result of cold 
working and reduce drawability of the material. 
Chilled shot of Rockwell 45 to 50 hardness, 110 
mesh per in., is used, Replenishment is at the 
rate of 35 Ib. per hr. 

Lower cost is the primary advantage of the 
shot-blast process; in addition, scheduling and 
handling are much more convenient. Bundles as 
received are now stored outdoors, thus saving 
valuable heated space. Only shot-blasted steel 
must be protected from the weather. Handling 
costs are lower outdoors than inside; however 
there are times when ice will form between 
sheets stored outside. When that happens, the 
previously mentioned suction cups fail to lift 
the sheets, making it necessary to separate them 
manually, One man can handle bundles from an 
enclosed cab outside whereas a crane operator 
and floor man are needed to move steel indoors 

All of the above advantages are incidental. The 
greatest benefit of all is the direct saving of $4 
per ton over pickling cost. This figure, multiplied 
hundreds of times a month, makes this shot 


blasting unit a very worthwhile 


investment 
Additional savings are possible. Hot rolled steel 
may be purchased in coils, flattened and shot 
blasted. It can then be cut into sheets, or slit to 
blanking width and recoiled. Not only will ma 
terial costs be lower, but slitting will also reduce 


the cost of the blanking operation Cs) 
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Experience With 
High-Manganese 


TEX 


Stainless Steels 


By RICHARD E. PARET* 


ss REASING demands for austenitic stain- 
less steels and a continuing shortage of nickel 
for “nondefense” purposes have led producers 
to seek various means of stretching the available 
nickel, One solution has been the development 
and acceptance of the new low-nickel, high-man- 
ganese types. 

The function of nickel in stainless steel is to 
form austenite and retard its transformation to 
martensite during cold working operations. It 
also has a significant cumulative effect on cor- 
rosion resistance in the presence of chromium. 
Both manganese and nitrogen serve much the 
same austenite-stabilizing function as nickel and 
a combination of the two may be more effective 
than nickel in retarding austenitic transformation 
during cold work. Chromium is the essential 
alloy of all stainless steels since it is the only 
element capable of producing stainless charac- 
teristics in iron. 


*Committee of Stainless Steel Producers, American 
Iron and Steel Institute, New York. Fourth in a 
series; previous articles appeared in Metal Progress 
in December 1955 and February and May 1956. 


68 


Newly standardized Types 
201 and 202 should save 
much nickel, for they match 
most of the properties of 15-5 
in sheet form. 

Seldom are changes in tooling 
necessary in the usual 
fabrication operations. (SS) 


For more than 20 years, the possibility of re- 
placing some of the nickel in conventional stain- 
less steels with manganese has been studied 
extensively, Considerable attention was also 
given the matter by European metallurgists. The 
first commercial use of such an alloy in America 
was during World War II when a stainless with 
17% Cr, 4% Ni and 4% Mn was substituted for 
18-8 Cr-Ni steel primarily in transportation 
equipment. There were some difficulties with 
this composition due to excessive breakage in 
cold forming operations which was associated 
with the high work hardening rate. 

During the Korean Emergency, Schedule A of 
N.P.A,. Order M-80 limited the use of nickel in 
most civilian goods to a maximum of 1%. This 
resulted in the production of a stainless alloy 
nominally composed of 15% Cr, 1% Ni and 17% 
Mn. Although its mechanical properties were 
comparable to those of A.LS.L Type 301 (17-7), 
its corrosion resistance and hot working charac- 
teristics were inferior. Today, alloys of this gen- 
eral composition with higher nitrogen contents 
are under study and show great promise. 
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Fig. 1 


Stainless Steel Trailers Have Been Made at the Budd Co 


of Types 201 and 301 With no Noticeable Difference in Fabrication 


The new A.LS.L. Types 201 and 202 are a 


direct outgrowth of previous experience with 
low-nickel high-manganese steels. They are evo- 
lutionary, not revolutionary, and have a_back- 
ground in production and service which offers 
the metalworking industry alloys of merit with 
wide potential application. They are the first of 
the low-nickel austenitic stainless steels to be 


standardized and as such are a new family of 


stainless steels — not merely substitutes designed 


to meet an immediate emergency, Composition 


ranges are 


Table I1—Typical Mechanical Properties of Sheet Material 


PROPERTY 


Yield strength, psi.* 
Fensile strength, psi 
Elongation in 2 in., 
Rockwell hardness 


201 


55,000 
115,000 


STAINLESS Typt 


410,000 
110,000 
60 
B-85 


202 


95.000 
105,000 
55 


K-90 


40) 


90 000 


B-85 


*().2°%, offset 
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Tyre 201 Tyre 202 
Chromium 16 to 184% I7 to 19 
Nickel 3.5 to 5.5 4to6 
Manganese 5.5 to 7.5 75to 10.0 
Carbon 0.15 max 0.15 max 


Control of nitrogen content is an 
important factor in the production of 
these steels and a maximum of 0.25% 
is specified. Higher quantities are un 
necessary and may, in some instances 
affect melting and processing tech- 
niques, and mechanical properties, Cur- 
rent production analyses usually are 
in the range of 0.10 to 0.20% nitrogen 

Types 201 and 202 presented a num- 
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Table I1—Corrosion Resistance in Formaldehyde Solutions 


Test Conpirions 


| 


Temp. | Duration AERATION 
FORMALDEMYDE 


Penetration, IN. per YEAR*® 


| Type 202 Iyer 304 Tyee 410 Type 430 
22.8 878° 63 days Yes <0.0001 (d) 0.0001 (e) 0.0007 (e, d) 0.0001 (e, d) 
35 185 212 Yes <0.0001 <0.0001 | 0.0002 (e) <0.0001 (e 
$5 185 212 No <0.0001 <0.0001 0.0017 (f) <O.0001 (¢) 
39 235 244 No <0.0001 (e) <O.0001 fe) 0.0006 <0.000!1 
37 to 48 120 189 Yes <0.0001 <0.0001 <0.0001 <0.0001 


ber of problems in manufacture, most of which 
have been solved, Because of their higher 
strength, greater power is needed in initial break- 
down of the ingot. A blooming mill operating at 
maximum capacity on Type 301 could not, for 
example, handle the same size ingot made of 
Type 201. 

Stainless steel producers request that Type 201 
and 202 scrap be segregated for maximum alloy 
recovery and to prevent any difficulty in con- 
trolling manganese content of high-nickel aus- 
tenitic steels, It is possible to recover as much 
as 85% manganese and 90% chromium from the 
scrap by back-charging it near the end of the 
reducing period, For example, carbon steel and 
low-manganese stainless scrap (300 and 400 
series) ‘totaling perhaps 60% of the charge are 
melted and the heat blown with oxygen to reduce 
carbon below 0.10%. During this oxidizing period 
nearly all the chromium oxidizes and goes into 
the slag. Additions of chromium-silicon or man- 
ganese-silicon ferro-alloys then reduce much of 
this chromium oxide; the 201 and 202 scrap is 
added and the heat brought back to tempera- 
ture. Necessary additions of chromium and man- 
ganese alloys are made to produce the desired 
composition and the heat finally deoxidized with 
a lime-alumina slag. When  high-manganese 
scrap is melted down initially, the oxidation of 
chromium and manganese will reduce recovery 
to as low as 30% of the manganese and 75% of 
the chromium. 

The number and extent of finishing operations 
performed on stainless, unique among ferrous 
products, need not be varied to accommodate 
Types 201 and 202. No difficulties have been 
reported nor are there any substantial differ- 
ences in surface appearance as compared to 
corresponding Type 300 grades, 

Typical mechanical properties of Types 201 
and 202 sheet material in 2 B finish are given in 
Table I with comparison values for Types 301 
and 302. 
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*(c) crevice corrosion, (d) discoloration, (e) etching, (f) corroded 


1300 1400 1500 1600 1700 1800 


Fig. 2—Scaling Tests on 
Types 202 and 302 Stainless 


In general, the corrosion resistance of Types 
201 and 202 is approximately the same as that 
of Types 301 and 302. To date, every test appli- 
cation of the Cr-Ni-Mn steels has proved satis- 
factory in such uses as cooking utensils, sinks, 
restaurant equipment and transportation equip- 
ment. There is every indication that these steels 
can replace Types 301 (17-7) and 302 (15-9) in 
any application where the latter are being 
properly used. While they are not generally 


Table Properties 


l Test STress ror Ruprure, Psi 
YPE 

Temp 1,000 He. | 10,000 
201 1200° F. 21,000 14,500 
201 1400 7,000 3,600 
202 1200 | 23,500 18,000 
202 | 1350 10,500 7,000 
304 1200 17,000 10,500 
304 1350 | 7,500 4,500 
304 1400 7,000 4,000 
347 1200 22,500 17,500 
347 1350 10,000 7,500 
$47 1400 8,000 6,000 


*Extrapolated values 
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Fig. 3— Round Proc- 
essor for Dairy Indus- 
try Made of Type 202 


recommended as replacements for Type 304 
(19-10), there may be instances where steel 
specifications are “over-alloyed” and the low- 
nickel austenitic types may be able to perform 
satisfactorily. Typical are certain dairy equip- 
ment items which were previously specified in 
Type 304 and then subsequently changed to 
Type 302. 

For a number of corrosive chemicals labora- 
tory short-time tests have indicated no appreci- 
able difference between the high-nickel and 
the low-nickel steels. These include solutions of 
5% lactic acid, 10% phosphoric acid, 60% acetic 
acid, 5% sulphuric acid and 2% hydrochloric acid. 
The results of field tests in formaldehyde solu- 
tions indicate that Type 202 is as resistant to 
corrosion as Type 304 (see Table II). 

The scaling resistance of the Cr-Ni-Mn steels 
is equivalent to that of Types 301 and 302 up to 
approximately 1550” F., as shown in Fig. 2. At 
higher temperatures scaling proceeds more 
rapidly, so that annealing temperatures should 
be lowered by 50 to 100° F. to reduce difficulties 
in pickling. To prevent any chance of over- 
pickling in a nitric-hydrofluoric bath, hydrofluoric 
concentration can be decreased and_ pickling 
temperature lowered 10 to 20° F. 

The rate of work hardening of the Cr-Ni-Mn 
grades is about the same as that of the com- 
parable chromium-nickel types. Composition 
balance is the controlling factor and variations 
from heat to heat are to be expected. In the 
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newer Cr-Ni-Mn types somewhat greater varia- 
tions may be expected, and in any development 
program samples from different heats should be 
tested for their production potentialities. 

Experience to date has shown that the Cr-Ni- 
Mn types can be expected to respond much the 
same as chromium-nickel grades in both shallow 
and deep draws. Difference in work hardening 
has not been sufficient in any instance to require 
additional annealing or a modification in depth 
or rate of draw. The higher strength of the low 
nickel types has proved to be of definite advan 
tage in some drawing operations and certain 
specialized production practices 

Limited test data indicated that the 
modulus of elasticity of the Cr-Ni-Mn stainless 
steels is 28,600,000 psi. — slightly higher than the 
28,000,000-psi, modulus of the Cr-Ni steels 

At elevated temperatures, the short-time ten 


have 


sile and creep-rupture properties of Types 201 
and 202 are superior to those of Types 301 and 
02 and compare favorably with those of Type 
347 (stabilized 18-10). See Table UL. 

The number of applications for these new 
alloys is steadily increasing. Change in the tool 
ing or techniques used for the high-nickel alloys 
has seldom been required, Successful fabrication 
processes include welding, drawing, simple ma 
chining, soldering, stamping, polishing and flash 
plating with chromium. The growth in usage 
should increase more rapidly as more service 
experience is gained. 6 
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Effect Molybdenum 
in Iron and Steel 


By ALVIN J. HERZIC* 


During the period in which William Park Woodside 


was active in research, the art of heat treatment developed 
into a science and much was learned of the effect of molybdenum 


= treatment was of major interest 
to William Park Woodside, and under his guid- 
ance much of the research effort at our labora- 
tory was devoted to studies of how and why 
steels behave as they do when heated and 
cooled, At the time of his retirement in 1943, 
the old cut-and-try methods of determining the 
best heat treating cycles had been virtually 
abandoned and the use of hardenability for 
steel selection and heat treatment was in general 
use, Our contributions to the science of heat 
treating were only a small part of the industry- 
wide effort but our definitive studies on the effect 
of molybdenum as an alloying element proved 
to be most useful when conservation of other 
more critical alloying elements ultimately be- 
came necessary. 

In the middle 1930's we were all faced with 
the necessity of revising our theory on the 


* President, Climax Molybdenum Co. of Michigan, 
Detroit. This is the second of three articles based 
on the 13th annual Woodside Lecture presented to 
the Detroit Chapter @. 
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on the properties of steel and cast iron. (J 26, Q general, Mo, Cl, AY) 


mechanism of the transformation of austenite. 
The adequacy of the Sauveur theory of harden- 
ing was being challenged by the time, tempera- 
ture and transformation studies of E. C. Bain 
and E. S$. Davenport. Whereas we had in the 
past been quenching and tempering steels in 
% to 12-in. rounds and making countless hardness 
surveys to determine the capacity of various 
compositions to harden, we were at last provided 
with the Jominy end-quench test. 


Early Studies on Hardenability 


These two developments had a profound effect 
on the type of information the alloy steel con- 
sumer sought. The trend away from the purchase 
of steels by chemical composition only, which 
trend had begun with the specification of grain 
size, was markedly accelerated. It was no longer 
possible to give a consumer of alloy steels a 
satisfactory statement regarding the effect of 
an alloying element in steel without knowing 
the influence of that element on the transfor- 
mation of austenite according to the time-rate 
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basis depicted in S-curves. The requirement of 
this type of investigation resulted in a significant 
shift in the kind of projects in which we engaged. 

Although we did not entirely abandon the 
study of specific applications of alloy steels and 
irons, we enlarged our staff and devoted a sub- 
stantial percentage of our program to a study 
of some fundamental effects of molybdenum. 
it soon was evident 
that it was not enough to subscribe to the new 


This was necessary since 


philosophy that the products of austenite decom- 
position depend upon the temperature of trans- 
formation. If one sought to understand the effect 
of a particular alloying element, it was necessary 
to measure the delay in the start of transforma- 
tion at various temperatures which specific 
amounts of that element could effect when pres- 
ent alone and in combination with other 
elements. While such measurement was tedious 
in the temperature range where transformation 
is slow, it was extremely difficult and required 
unique apparatus for the temperature range 
where transformation is rapid. At our laboratory, 
we went off the deep end and by 1940 had 
completed several series of S-curves covering the 
molybdenum-containing S.A.E. steels, carbon- 
molybdenum steels containing up to 1.2% C and 


0.80% Mo, 
and a high speed steel containing 6% tungsten 


two manganese-molybdenum steels 


and 6% molybdenum. We also began to accumu- 
late data on hardenability, as measured by the 
Jominy end-quench test, to replace the empirical 
depth-hardness data from the earlier years’ effort. 
data 
from end-quench hardenability tests disclosed 
that on the 


role of the principal alloying elements in steel 


These transformation studies and the 


basis of harde nability alone, the 
was indeed a highly competitive one. Still further 
clarification came from Grossmann’s studies and 
it developed that hardenability was better with 
combinations of alloying elements than with 
larger amounts of single elements. This concept 
has not been successfully challenged in the past 
15 years. 


Throughout this program, Mr. Woodside was 
on the go to consult with and to arrange con- 


sultations for us with such representatives of the 
metallurgical profession as Zay Jeffries, Edgar 
Bain, Earle Smith, Clyde Williams, A. E. White, 
Jim Thorpe, Herb French, Johnnie Mitchell, Ed 
Davenport, Bob Archer, Al Boegehold, Walter 
Harry Knowlton and Bob Mehl. He 
took considerable pride in the fact that his 
establishment had kept pace with the rapid 


Jominy 


change in alloy steel philosophy. 
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On the broader basis, no doubt as a result 
of his planning, this effort fitted in with the 
extensive programs being completed by the other 
alloy producers and by the alloy steel industry 
at large. It was not until the necessity of alloy 
conservation was upon us that the full signifi- 
cance of the industry-wide program was clarified 
for everyone. Clarification of the role of alloys in 
the hardenability of steel proved to be a real 
help in our job of preparing for war. 

While the yy of the program on the 
hardenability of alloy steels provided a sound 
foundation for a study of this important con- 
tribution of the various alloying elements in 
steel, it did not answer all the questions of steel 
consumers. As a matter of fact, clarification of 
the subject of hardenability served to emphasize 
the importance of the subsidiary effects which 
long experience and testing had suggested as 
being unique contributions of the various alloy- 
ing elements. Just as one does not challenge the 
capacity of chromium to impart resistance to 
corrosion and oxidation, just as one does not 
doubt the toughness at low temperatures of 
nickel-bearing ferrite, no one questioned the 
capacity of molybdenum to improve the creep 
resistance of steel. It worried us, however, that 
ve had no clear-cut explanation for this effect 
of molybdenum and it seemed quite appropriate 
to explore the subject. The theory prevailed that 
the increase in creep strength imparted by 
molybdenum was derived from a critical disper- 
sion or shower of a molybdenum-containing 
as a matter of fact 


a considerable amount of circumstantial evidence 


carbide phase. There was, 


in support of this theory. 
Effect on Creep Strength 


In the course of our study of the austenite 
transformation process, we had determined that 
the first carbide precipitating from the austenite 
at elevated temperatures invariably contained a 
relatively high percentage of molybdenum. At 
first it appeared that this would add support to 
the widely accepted hypothesis of the carbide 
shower, but unfortunately we conducted too 
many experiments. In this instance, we included 
in our confirmatory program a series of vacuum- 
melted carbon-free alloys 
When the results showed that these carbon-free 


materials 


iron-molybdenum 
exhibited a slightly higher creep 
strength than the carbon-containing materials of 
equal molybdenum content, there was no alterna- 
tive to the conclusion that the role of molyb- 
denum in increasing the creep strength of steel 
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was through its effect on the solid solution phase 
rather than the carbide phase. There remained 
only the elevation of the lowest recrystallization 
temperature of ferrite (which had been estab- 
lished a few years earlier) as an explanation of 
this unique contribution of molybdenum. This 
explanation is inadequate since other alloying 
elements, also having an appreciable capacity 
to increase the lowest te mperature of recrystal- 
lization of ferrite, do not correspondingly aug- 
ment resistance to creep. It has always been a 
source of embarrassment to us that however 
long we ponder this subject we do not seem to 
measure up to the complexities of this problem. 
Still another important aspect of the behavior 
of alloys has to do with their effects on the tem- 
ering of fully quenched steel. Having established 
that the hardness and structure obtained on the 
transformation of austenite depend upon the 
temperature of transformation rather than on 
the austenite composition, we obviously desired 
confirmation of the fact that the softening of 
martensite was dependent on the composition. 
Statistical data from the hundreds of available 
physical property charts showed that fully hard- 
ened steels of different compositions required 
significantly different tempering temperatures to 
arrive at the. same hardness. Nevertheless, it 
appeared to be desirable to review quantitatively 
as precisely as possible the effect of composition 
of martensite on tempering. At our laboratory, 
we undertook an investigation on the fully hard- 
ened molybdenum-containing standard steels. 


Research on Temper Brittleness 


Temper brittleness is defined as the loss of 
room-temperature notched-bar toughness as a 
result of tempering. It occurs in some steels when 
they are exposed to temperatures in the range 
from 850 to 1100° F. Temper brittleness is now 
known to be a time-rate process and for steels 
which are susceptible to it, a sojourn of the steel 
in the temperature range 850 to 1100° F. can 
permit the development of most undesirable 
characteristics. Our projects, and those of others, 
on this subject developed that there is either a 
cause and effect relationship or a remarkable 
coincidence between temper brittleness and 
critical transition temperature. Critical transition 
temperature is the temperature at which on 
impact loading the mode of failure changes from 
ductile to brittle fracture. 


Our tests further confirmed that while some 


alloying elements contributed to temper brittle- 
ness, molybdenum reliably lowered the transition 
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temperature. Research sponsored by the molyb- 
denum industry developed that phosphorus was 
a contributor of susceptibility to embrittlement 
of this type and that molybdenum, in the amounts 
commonly employed in the standard steels, 
effectively neutralizes this adverse effect of 
phosphorus. The results of this project are of 
far-reaching and practical significance wherever 
the heat treatment of alloy steel is undertaken. 

Our studies of Fe-C-Mo alloys confirmed that 
low-carbon steels containing molybdenum in 
amounts in excess of about 3% do not transform 
to the face-centered lattice when heated. We 
carried the investigation of such alloys to molyb- 
denum contents as high as 25%. Others have 
found in this work a clue to the development of 
certain hot die steels but the bulk of our data in 
this project are still conceded to be of greater 
academic than practical value since we have not 
yet learned how to achieve in commercial section 
sizes the structures and properties which have 
been attained in the research specimens. 


Machinability 


We took a long and cautious look at the very 
practical and complex subject of the machin- 
ability of alloy steels. We learned how to recom- 
mend treatments which lead to 
machinability. We did not find fundamental 
evidence that machinability could be insured 
by any additional agent without sacrifice in some 
other characteristic. We accounted for the com- 
mercial reports of improved machinability of 
molybdenum-containing steels on the basis of 
the tendency of such steels to develop a struc- 
ture where the ferrite and pearlite are uniformly 
dispersed. In such a structure, relatively good 
machinability is obtained at somewhat higher 

carbon and hardness levels than one might nor- 
mally expect in compositions of comparable 
hardenability. 

In this period of confirmation and con- 
formance, it was established that the advantages 
of molybdenum in alloy steel were: 

1. It is an effective 
ability of steel. 


improved 


contributor to harden- 


2. It does not induce susceptibility to temper 
brittleness and within limits neutralizes — the 
susceptibility to embrittlement induced by other 
elements. 

3. It contributes to elevated-temperature 
strength and hardness. It is the most effective 
single addition to attain creep resistance. 

4. It increases red hardness. 

5. It permits the employment of high harden- 
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ability compositions with a minimum sacrifice 
in machinability. 

Except when present in amounts exceeding 
about 4%, it does not require significant modifica- 
tion of the established practices for producing, 
heat treating and fabricating the steels contain- 
ing it. Scrap can be recycled without significant 
loss of molybdenum, 

It is necessary to emphasize that this account 
of molybdenum research at our laboratory should 
not be construed to imply that all development 
in molybdenum was the sole product of a single 
laboratory. On the contrary, we drew heavily 
on the research effort of the whole industry and 
the development work essential at the level of 
practice, supplied by industry at large, far sur- 
passes the combined research effort. Neverthe- 
less, we are proud to have been a part of that 
program. 


Role of Molybdenum in Cast Lron 


No account of this period in molybdenum 
research would be adequate if it did not review 
the progress in the development of alloy cast 
iron. Even the earliest attempts to alloy cast iron 
with molybdenum gave considerable promise. 
Accumulated data during the formative years 
confirmed that herein lay an important applica- 


tion of molybdenum. 


The fundamental transformation processes in 


cast iron are of course the same as the funda- 
mental transformation processes in steel, In cast 


iron, however, the attainment of the ultimate 


BASS 
4 


properties is further complicated by the presence 
of graphite. Depending upon the controlling 
factors in solidification of cast iron, graphite 
manifests itself in various states of disper- 
sion, Foundrymen were not long in cataloging 
several typical states of dispersion and recogniz- 
ing dependence on the nature of the furnace 
charge and the melting and pouring tempera- 
tures. At a very early date in this development, 
Victor Crosby told us how late additions of 
ferrosilicon would effectively modify the graphite 
dispersion. Our laboratory experiments con- 
firmed this and we believe this to have been a 
most important step toward super cast irons, 
Other forms of inoculating materials and proc 
esses appeared from the work of others in the 
foundry industry, 

It is now relatively easy to see that without 
this important first step a coherent relationship 
between the alloy content and the properties 
of cast iron would have been virtually impos 
sible. Actually, with the graphite 


type unde r control, the study of the role of alloys 


however, 


in cast iron became reasonably straightforward. 
We proceeded in such an investigation fortified 
with the conviction that the matrix of the iron 
could be made self-heat-treatable during cooling 
through relatively larger additions of molyb 
denum than those normally used in steel. This 
was possible since earlier work showed that 
molybdenum neither stabilized nor promoted 
graphitization of the carbide phase. We also in 
vestigated the heat treatment of cast iron with 
special attention to the reactions occurring dur- 
ing the heating of the iron. We observed the 
complete graphitization of the carbide phase and 
the gradual re-solution of the graphite to 
generate the austenite to be transformed on 
subsequent cooling. 

These studies, coupled with the studies on 
inoculation, brought us to the point where we 
could make contributions to the development 
of the super cast irons in which all of the foundry 
industry was participating. These cast irons not 
only displayed superior strength in even rela 
tively heavy sections but also possessed enough 
resistance to impact so that they could be used in 
many applications formerly restricted to wrought 
steels, cast steels or malleable iron. In many 
respects, the developments in alloy cast iron 
during this period were more dramatic than the 
developments in steel, since the time interval 
between a laboratory heat demonstrating the 
potential of a composition and an established 


use was often not over six months 6 
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I. Last MONTH'S Metal Progress one phase 
of the problem of “designing” a material for 
high-temperature service was rather broadly 
assessed. Certain inherent physical and mechani- 
cal properties were listed for pure metals avail- 
able, and the influence of fabrication history on 
expected service life was cited. In this article 
a similar presentation will be made for alloys 
and dispersed nonmetallic compounds. 
Strength through alloying is an extremely 
complex, poorly understood subject. Very little 
significant work has been done in the more 
complex commercial alloys. In part the complica- 
tions are due to the broadness of the subject 
itself; “alloying” includes one or more of several 


*Professor of Metallurgy, Massachusetts Institute 
of Technology, Cambridge, Mass. 


30,000 Psi. ot 1500 °F. 


Design of High-Temperature Alloys— 
Cermets and Oxide Dispersions 


The best alloys now known are based on cobalt and on nickel, the first age 
hardened by carbide dispersion and the second by Ni,(Al, Ti) compound. Pure 
metals, refractory and ductile, may be strengthened by oxide dispersions or 
used as binders for hard, brittle particles. (Q general, SG-h, C-n, Co, Ni) 


Fig. 1 — Contribution of Carbon Content to the 
High-Temperature Strength of Three Heat Resist- 
ant Cobalt Alloys at 1500° F. Cast test pieces. 


By Nicholas J. Grant* 


matters such as matrix strengthening by a solid 
solution, strengthening by one or more separate 
phases, and a variation of the latter by aging 
and precipitation. A few principles are derived 
from our knowledge of single-phase, simple 
binary alloys systems, but alloying still depends 
mainly on trial and error. 

It is not my purpose to evaluate the state of 
the alloying art, but merely to determine to what 
extent alloy development has utilized the known 
principles. 

Solid Solution Alloying — For high-strength 
service above 1250° F. there are relatively few 
commercially pure metals or solid solution alloys 
in use. As pointed out in the article last month 
about pure metals, this is because of their lim- 
ited creep resistance, and a high melting point 
is required to assure a relatively high recrys- 
tallization temperature. This is also true for solid 
solution alloys. Pure platinum and a number of 
its solid solution alloys find service where oxida- 
tion resistance is the most important property. 
The best known single-phase (or essentially 
single-phase) alloys in use commercially are the 
nickel-chromium (Nichrome type), nickel-chro- 
mium-iron (Inconel type), and low-carbon stain- 
less steels (austenite and ferritic). Without ex- 
ception they are weak above about 1250° F., but 
all enjoy good oxidation resistance, themal shock 
resistance and high ductility. 

Almost all of these alloys are quite simple in 
composition. If one considers the work done 
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by Lindsay and his associates on Table I— Representative Complex High-Strength Alloys 

the creep resistance of iron con- (Limited Age Hardening Type) 

taining one atomic percent addi- 

‘ ALLOY Ni Co. Cr Mo W Orners ( 

tions of various elements, and of 

Sherby, Anderson and Dorn on 8-590 20 20 Bal 

alpha aluminum alloys and the 5-816 20 Bal. 20 | 3 

| fi | Iti Hastelloyv B 4 29 

venefits to be derived from multi- ( 411.2 1165) 17 15 45 

element alloying, one concludes 422-19 15 | Bal. | 25 6 04 

that there is very much that needs HS-21 2 | Bal. | 27 6 0.4 

to be done to improve the strength HOVT-2 20 | Bal. | 23 " 2Ta it 


of most of our current solid solu- 
tion alloys. 

Multiphase Alloying — Most 
mercial alloys retain high-temperature 


com- 


strength and creep resistance primarily 
on the distribution of a stable second 
phase or of several hard phases. Some 
precipitation may take place either be- 
fore or during service, but the benefits 
are lost early in life or the precipitation 
is of little account anyway. We can 
consider the alloys listed in Table I to 
be representative 

While the carbides change in com- 
position during test or service at tem- 
peratures higher than about 1300° F., 
the effects are not profound. In most tas 
of the alloys of Table I the amount of 7 
M,C type of carbides increases with 
time. Strength depends rather on a highly alloyed 
matrix of face-centered cubic crystallinity and 
an extensive dispersion of carbides, thus increas- 
ing creep resistance. 

The importance of carbon as the major hard- 
ening agent in the cobalt-base alloy systems is 
shown in Fig. 1 and 2.* Figure 1 shows the in- 
crease in rupture life for a number of cobalt 
alloys listed in Tables I and If with increasing 
carbon content, and Fig. 2 shows the correspond- 

*In Fig. 1 and 2 Alloys J, VT-2, N-2 and NT-2 
are alloy systems. The designation 110 VT-2 in Table 
I indicates that the alloy contains 1.10% C: Alloy 73 
] in Table II contains 0.73% C; 100 NT-2 contains 


1.00% C. The N-2 alloys are the same as the NT-2 
system but without the 2% Ta. 


Fig. 3 — Carbide Dendritic Network Increases 
in Cast J Alloy With Increasing Carbon Con- 
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Fig. 2 — Relation of Carbon Content to Mini 
mum Creep Rate of Two Heat Resistant 
Cobalt Alloys at 1500° F. Cast test pieces 


ing improvement in creep resistance, Corre- 
spondingly, Fig. 3 shows the increase in dendritic 
carbide and progressively greater continuity of 
the carbide phase as the carbon goes up. How- 
ever, when the carbide phase becomes massive 
or continuous, there is a decrease in strength 
a further decrease in ductility and in creep 
resistance. (All these results are for the alloys 
in the cast condition, although similar effects 
prevail for wrought alloys.) 

In a number of other cobalt-base alloy systems 
carbide is effective for precipitation hardening 


Carbon anal 
left to right 


tent. Micros at 200 diameters 
yses: 0.36, 0.70, O81 and 1.024% 


; 
q 
001 


and strengthening, and 


increases 


significantly 


the high-temperature properties over those at- 


tained by straightforward increases in the mas- 
sive carbide phase, T 
balanced to take advantage of this change in the 
type and distribution of carbide. 

Figure 4 shows the increase in rupture time 
for 73) as a function of several different aging 
treatments. It has been established in previous 
work in the author's laboratory that the 
probable aging reactions are 

23 Cr:Cy 7 + 27C 
27 C 4+ 103.5 Cr» 4.5 
On aging, the Cr;C, decomposes to CresCa, 
liberating carbon which then diffuses into the 
matrix to form more Cro.Cg. 

In the nickel-base alloys of the Nimonic 80 A 
and 90 types, Inconel “X”, and others which are 
hardened with titanium plus aluminum, aging 


is even more important than in the cobalt-base 
alloys; otherwise the 


most 


nickel alloys are single- 
phase alloys after solution treatment — they de- 
pend entirely on the precipitation of an excess 
phase for strengthening. On the other hand, 
most of the cobalt-base alloys are multiphase 
alloys even after solution treatment. 
Nickel-chromium (30-20) and nickel-chromium- 
iron (79-15-6 alloys can be strengthened with 
additions of titanium alone (when the precipitate 
is Nix Ti) or aluminum alone (when the precipitate 
is Ni,Al) or by additions of both (whereupon the 
precipitate is based on Ni,Al). Ni,Al has a large 
tolerance for the substitution of 


titanium for 
aluminum - up to three 


atoms of titanium out 
of every five of aluminum to produce a formula 
Ni, (Al, Ti) of larger lattice structure which 
effectively hardens the 

Unfortunately from these 
aging systems — namely, 
alloys, and Ni, (Al 


class of alloys 


more 
matrix than the Ni,Al. 
, aside two common 
carbides in cobalt-base 
Ti) in the nickel-chromium 
there is very little known about 
other aging systems which might be effectively 
used in high-temperature alloys. The aging which 


The alloys’ compositions are 
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Fig. 4 — Effect of Aging Temperature on Rupture 


Life of Cast J Alloy at 30,000 Psi. and 1500° F 


takes place in the nickel-base alloys has been 
studied in an outstanding way by Taylor and 
Floyd; their careful work on the phase diagrams 
publishe din Journal of the Institute of Metals in 
1952 has given metallurgists a much greates 
understanding of the age hardening process, and 


has enabled them to utilize it more effectively 


Cermets 


A distinct departure from the cast and forged 
grades of heat resistant alloys are the cermets 
ceramic-metal combinations. While silicide, car- 
bide, and boride cermets have 
high strengths at 1800° F. and above, their limi- 
tations, as yet not overcome, of poor ductility at 
temperatures below 1600° F. and limited the rmal 
and mechanical shock resistance at all tempera- 
tures have held back their application where 
such factors are 


all shown very 


critical. These cermets have 
shown greater strength than the cobalt-base or 
the nickel-base at 1800° F. In fact there 
is evidence of a useful amount of ductility at 
1800’ F. in the cermets made 
by the infiltration process, or in cermets, con- 
ventionally prepared, in which the metal phase 
is greater than 50% by volume. 

Materials of this type will undoubtedly be im 
proved through additional re 


alloy 


titanium carbide 


os search and development. A 
Table Il Representative Alloys Which Effectively sharp decrease in the size of 
Precipitation Harden the titanium carbide particles 
Ni| Co |Cr|Mo!|W) Mn |Orners, C (to something nearer 1 micron 
: rather than 5 to 10 microns) 

73] 6 | 60 2% 6 2 Ta 0.73 
-40 10 | 55 25 los 0% should permit a greater pro- 
N-155 20) 3 12 O15. Bal* portion of metallic binder 
1OONT-2. 20 20 2Ta 1.0 Bal and also avoid the propaga- 
Modified 2 | Bal. | 25| 6 1 to4 0.3 tion of fracture at very rapid 
Hs-2] rates through the hard, brittle 


*Also contains 0.12°) nitrogen. 
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Table I1l—Stress for 100-Hr. and 1000-Hr. Rupture 
Life of Wrought Aluminum Powder Products 


Srress ror Rurrurt 
ALLoy® Demper- 
ATURE 100 He 1000 Hr, 
SAP 100° F 24,500 psi. 22,000 psi. 
600 15,500 14,000 
900 8,500 8.000 
M-27¢ 100 22,500 20,500 
600 14,000 13,000 
900 7,000 6,000 
M-257 100 17,000 16,000 
600 12,000 11,000 
900 7,000 6.500 
M-293 14,000 13,000 
600 9,500 8.500 
2,700 2.000 
M-255 10) 9 000 8.000 
600 4,200 5,200) 
XF 18S-To61 600 5,500 1.000% 
*The average oxide content ol these produc is 18 
SAP, 12°%; M-276, 16%; M-257, 7%; M-293, 2%; M- 


255, 0.7% 
tOne of best conventional, age hardenable, wrought 
high-temperature alloys 


tExtrapolated 


continuity of the carbide phase and the more 
definite separation of each carbide particle from 
its neighbors should be a developmental goal. 
Finally, efforts to decrease the solubility of the 
carbide in the matrix appear to be a worth-while 
project. Possibly an adjustment in the carbide 
composition, or even a new type of hard particle 
may be the ultimate answer. 

Strengthening by Dispersed Hard Particles 
Fortunately there is on the horizon a new and 
different method for forming parts with both 
high-temperature strength and high-temperature 
stability. This promise of a new system of alloys 
is based on the improvements shown by the 
product known as SAP (“Sintered 
Powder’) when compared to conventional cast 


Aluminum 


and wrought aluminum alloys intended for 


“high-temperature” service. This is made of ultra 


Table IV — Properties at Temperature and at 70° F. After 100 Hr. at Temperature 


fine unalloyed aluminum flakes or powdered 
particles which have a thin skin of aluminum 
oxide, After pressing and sintering, the com- 
pact is hot worked, preferably by extrusion, to 
yield a continuous aluminum phase in which 
are embedded flakes of exceedingly thin Al,O 
spaced possibly 0.1 to 0.2 micron apart. Coarser 
aluminum flake or powder yields wider spacing 
among the oxide particles, lower oxide content 
for a given thickness of oxidized skin, and lower 
strength but higher ductility 

Table IIL summarizes the stress-for-rupture 
values in 100 and 1000 hr, at 400, 600, and 900° F, 
for SAP and four experimental Alcoa products 
of increasing Al,O, content, and compares these 
results with those of the best known wrought 
age 
alloy, XF 18S-T61, containing approximately 
4% Cu, 2% Ni and 0.6% Mg. 

It will be noted that M and SAP are as 
strong at 900° F. as one of the best of the wrought 


hardenable, high-temperature aluminum 


257 


aluminum alloys is at 600° F. They therefore have 
an advantage of over 300°F. for equivalent 
of even 
Table IV 
shows the room-temperature tensile strength of 
the SAP product after 100 hr 
progressively higher temperatures up to 900° F 


creep-rupture properties. However, 


greater importance is their stability 
of heating at 


Conventional alloys would have over-aged above 
500° F. and become quite weak, Recent efforts 
ALO, products 


after maximum cold work have not been success 


to recrystallize the 12 to 15% 


ful at temperatures as high as 1150° F 

It is important to point out that the work with 
the oxidized aluminum bodies does not culminate 
simply in an ultra high-strength aluminum 
product Instead, a whole series of alloys have 
become available which combine an important 
range of strength and ductility values to meet 
a variety of requirements 

That similar principles can also be applied to 
the refractory metals is shown in Table V. Mo- 
lvbdenum was improved by the addition of 


oxides such as ZrO. in powder form, and a 


Exposure 
Temp 


Ar Temp Ar 70 


Densite STRENGTH 


200" +1 W000 
42.000 10.000 
24 000 99500 
900) 15.000 19.000 
M-257 600 16.900 
XF 18 S-Tol 600 11.000 


I LONGATION 


Ar Temp Av 70° Ar Temp 


$5.000 44.200) 10°; 
$0,400 $4,000 4 4 
22 O00 44.000 ) 4 
14.000 43.000) 4 
15.000 14 
8.000) 4 
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Table V 


Oxide Mixtures in Molybdenum and Nickel 


‘though not to warping) and good 


Propucts Temp STRESS Ruprure Lire | 
3. When thermal stresses or 
Pure ao 1800° I 25,000 psi 80.0 Hr applied stresses are high, reli- 
Ni+10% ALO 1500 5.000 145.0 5 alloys. Multiphase alloys, either 


*Data from Battelle Memorial Institute 


nickel-powder product to which fine Al,O, was 
added was likewise improved. Both powder 
products were wrought by hot working. 

The improvement in strength of molybdenum 
by the small oxide addition was equivalent to 
that achieved by one of the best alloys of arc 
cast and forged molybdenum shown in Table II 
of the article last month. In the nickel system, 
there was a 500-fold increase in rupture life. 
In both systems, the optimum oxide content and 
particle dispersion have not yet been achieved 
and there is much to be learned about the design 
of these alloys for specific applications. 


Design of an Alloy 


Because an alloy may be used for any one of 
many applications and the nature of the stress 
pattern in each may vary significantly from any 
other, the temperature may be steady or variable, 
or the atmosphere may be corrosive or essentially 
protective, it would be impossible to specify 
rigorously the design of an alloy. Furthermore, 
specific reference to the nature of the application, 
or to such features as notch sensitivity, 
axial stress systems or radiation damage, 


multi- 
cannot 
be made without undue complication. However, 
examination of the nature of the alloy systems 
currently known to us or theoretically attainable 
does point out a number of important factors 
common to most of them. It should be noted 
that these conclusions apply both to the com- 
mercially pure refractory metals, to their alloys 
and to cermets. 

1. Oxidation resistance and, more generally, 
corrosion resistance are essential. Primarily we 
depend on chromium (from 15 to about 35%). 
Such resistance as it gives may be improved 
by additions of aluminum or 


silicon and may 
be worsened by the 


presence of vanadium 


(greater than about 1%) or molybdenum (greater 
than about 3%, except in high-nickel alloys). 
Where high strength is not of great im- 
single-phase alloys can be 
used and can generally be relied upon for good 
thermal shock resistance (resistance to cracking, 


portance, simple, 
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age hardenable or not, have 
found extensive and successful 
use. The age hardenable grades 
are somewhat less reliable if important tempera- 
ture variations are to be anticipated above the 
of optimum aging. 
The higher the recrystallization temperature 
Pe be ‘tter the alloy, since the higher will be the 
temperature prior to the incidence of inter- 
crystalline cracking, and the higher the useful 
ductility of the alloy. The higher the recrystal- 
lization temperature, the higher the temperature 
at which cold worked or warm worked alloys 
can be used without running the danger of rapid 
reduction in strength. 

5. Castings offer greater promise of yielding 
high strength at high temperatures than do 
forgings of the same composition. Since forge- 
ability may be disregarded, castings may be 
selected from a wider variety of compositions. 

To achieve optimum stability, hardening 
by — dispersed, insoluble hard particles may 
prove to be the most effective scheme. These 
hard Bats ‘les may be oxides, carbides, silicides, 
borides, nitrides — but must not have a significant 
solubility in the ductile matrix metal or matrix 
phase at any temperature to be encountered 
either in fabrication or in use. 


Summation 


Close study of the alloys and alloy 
currently avi ailable for high- temperature service 
shows that the most reliance is now placed on 


two basic 


systems 


aging systems, 
alloy 


namely, carbides in 

Ni, (Al, Ti) in the 
There is a large void 
in our knowledge of the fundamentals of alloy- 
ing which is especially noticeable when one con- 
siders systems involving more than two elements. 
Knowledge of the interplay of alloying elements, 
and of partition coefficients, is almost completely 
lacking. This results in the fact that a number 
of new metals with high melting points deserve 
much more study. The two most important ones 
are chromium and columbium. Since the first- 
named is now available in quantity and in a high 
degree of purity, one might expect that research 
will be especially fruitful in that direction. @ 


cobalt systems, and 


nickel-base alloy systems. 
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At one stroke this press can forge pieces 10’ wide or 


24’ long. It can change a 2,000-pound aluminum slab 
into a complicated aircraft component...saving mate 
rial as well as machining and assembly time. Cast and 
forged nickel alloy steels provide the strength and 


minum Company of Ames 
toughness needed in columns, cylinders, die-block hold 
ers and dies of this giant machine. Among the first of 
the facilities in the U. 8S. Air Force Heavy Press Pro 
gram, this unit is a notable engineering achievement 
of United Engineering & Foundry Co., Pittsburgh, Pa 


phot). 


Nickel alloy steels strengthen huge press 
for 35,000-ton squeeze 


EIGHT 200,000-POUND FORGINGS of steel fortified 
with 2!,% nickel! That’s what was specified to give 
this mammoth press essential strength. Used as four 
2-column units, these forgings are subjected to the 
tremendous force of 35,000 tons. 

Nickel alloy steel provides the level of strength 
and notch toughness required. These massive col- 
umns are each 61’ high and 34” in diameter. When- 
ever a component’s size restricts methods of heat- 
treating, or permits forging only limited portions at 
a time, improved strength and elastic properties 
depend particularly upon correct alloy content. 


Nickel alloyed steels are used for still other parts 
that encounter high stresses and loads, 


Ico THE INTERNATIONAL NICKEL COMPANY, IN 
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Dies and die holders gain needed stamina from 
additions of nickel. Among the largest steel castings 
ever used in press construction, the top and bottom 
die holders of this press are nickel-chromium-molyb- 
denum steel approximating the 4340 composition. 
Each measures 26’ by 12’ by 25” and weighs 350,000 
pounds. 

In many a metal, you can improve specific prop- 
erties by use of nickel alone or in combination with 
other alloy elements. When you seek the solution to 
a metal problem, let us give you the benefit of our 
wide practical experience. 

Send the details of your difficulty for our sugges- 
tions. Write us now, 


67 Wall Street 
New York Y. 
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Heat treating with low drag-out.. 


Madison Wire Company 


anneals stainless steel wire 
WITH AEROHEAT 1200 


Heat Treating Compound 


Here’s what was needed: a heat- 
treating bath that would give 
trouble-free operation with low 
drag-out at the Madison Wire 
Company in Buffalo, N. Y. Agno- 
HEAT 1200 was the answer. 
Madison's high-quality stain- 


Cyanamid's heat treating compounds include: 


AEROCARB Carburizing Compound 
AEROCASE™” Case Hardening Compounds 
AEROHEAT® Heat Treating Compounds 


Other products for metal processing include: 


AEROMET® Metallurgical Additive 
Metallic Stearates 

Surface Active Agents 

Acids and other Heavy Chemicals 


*Trade-mark 
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less steel wire is put through four 
draws, then annealed in AEROHEAT 
1200 for 20 minutes at 1450° F. 
No carburizing or decarburiz- 
ing of the wire occurs because 
ArEroueat 1200 contains a built- 
in rectifier assuring neutrality of 


Name 
Company 


Address 


AMERICAN Ganamid COMPANY 
METAL CHEMICALS SECTION 
30 Rockefeller Plaza, New York 20, N. Y 
Send data sheet on Arnoneat 1200 
[] Have technical representative call 


the heat-treating bath. 

Low-cost, high-control anneal- 
ing with Arronear 1200 Heat 
Treating Compound may be job- 
right for your operation, too, For 
information or service, mail the 
attached coupon 


Position 


in Canada: North American Cyanamid Limited, Toronto and Montreal 
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Bausch & Lomh Salutes: 
Winnifred Oakes 


—Blue Ribbon Award Winner, AS.M. Metallographic Exhibit 


BLUE RIBBON AWARD 
WINNER for best photomi- 
crograph in the Slags, 
Inclusions, Refractories and 
Cermets Class—Mrs. Fred 
(Winnifred) Oakes, U.S. 
Steel Corporation, South 
Works, Chicago, Illinois. 


| 
en 


HER AWARD-WINNING 
PHOTOMICROGRAPH 
MADE WITH A 

BAUSCH & LOMB 
METALLOGRAPH 

—"Blast Furnace Flue Dust 
Sinter"’. 


Bausch & Lomb Metallographs help 
industry boost output and maintain quality by 
visual or photographic—for routine work and advanced research. 


providing detailed magnified images 


The B&L Research Metallograph is one of a complete line of metallographic equipments. It provides 
ready choice of four different views of the same sample—by bright field, dark field, polarized light, or phase 
contrast—ensuring complete identification. 


Find out how these faster, easier, completely dependable analyses can help you 
save on time and materials. Write for Catalog E-240, and 

for complete expert advisory service. No obligation, of course. 
Bausch & Lomb Optical Co., 63806 St. Paul St., 
Rochester 2, N. Y. 


America’s only complete optical source ... from glass to finished product. 
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Steels Degassed During Pouring 
Large Forging Ingots 


By ARTHUR TIX* 


When well-made steel is teemed into a mold in a vacuum chamber 
(5 mm. Hg) half of the hydrogen is sucked out and the steel 

is free of flakes even if sections as large as 30-in. rounds 

are air cooled from the forging heat. (D8, D9, ST) 


L, HAS been known for a long time that 
there is an intimate connection between gas con- 
tent in steel — even though in amounts much less 
than other impurities like sulphur and phospho- 
rus —and the quality of mill products and the 
machine parts or ordnance items made there- 
from, Suspicious gases are oxygen, hydrogen and 
nitrogen. Most of the gas is acquired in the steel 
furnace from the air or moisture in the charge; 
some of it forms compounds or nonmetallic in 
clusions; other portions remain atomically dis- 
persed. Another source of gas is the surrounding 
air or prepared atmosphere during heat treat- 
ment, after which the gases or their compounds 
tend to remain concentrated close to the surface. 
In other operations, such as acid pickling, hydro- 
gen is absorbed by the steel; its rate of diffusivity 
in solid metal is high, and it has a well-known 


embrittling effect. The reasons are obscure; they 


do not need to be discussed here. 

These matters are of great concern to the mak- 
er of steel ingots for heavy forgings — gun tubes, 
propeller shafts, armature spindles —and_ for 
heavy rolled products like rails. In large, impor- 
tant forgings, as pointed out in the article in 
Metal Progress for February (p. 49), the work- 
ing loads tend to build up into bi-axial and even 
tri-axial stress systems which hinder the normal 
plastic yielding so necessary to avoid brittle fail- 
ure. Also the design loads in their worst com- 
bination can be very high, so that stress-raisers 
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like tiny cracks ( flakes), hard spots of segregates, 
or inclusion clusters must be avoided at all costs, 
and special precautions have accordingly been 
taken in the melting, refining, casting, and heat 
treatment of large blocks of steel. 

Many recent publications have confirmed work 
started by W. Rohn in Germany on a small scale 
in the late 1920's. He melted and cast steels and 
special alloys in induction furnaces up to 5 tons 
capacity in a vacuum of about 5 mm. of mercury, 
Special steels are now so made commercially in 
America and elsewhere in |-ton ingots, and ex 
hibit superior properties to the corresponding 
materials melted and cast under the atmosphere. 
In view of the advantages which undoubtedly 
would accrue to larger ingots and products made 
therefrom, it seemed to us at Bochumer Verein 
more practical to use the best conventional 
furnace practices (dispensing with melting in 
vacuum) and simply pour in vacuum into the 
ladle or mold. Since 1952 our production of 
vacuum steel, made in the way to be described 
has amounted to some 25,000 tons of forging 
Bochumer Verein, Bochum 
Germany. The article is a briefed version of a trans 
lation prepared under the author's direction of 
Report No. 587 of the Steel Works Committee of 
Verein Deutscher Eisenhuttenleute, as published in 
Stahl und Eisen, Jan. 26, 1956, p. 61, and repro 
duced here by the kind permission of Dr. Kurt 


Thomas, general secretary of the Verein Deutscher 
Fisenhuttenleute. 


*Works manager, 


SI 


Fig. 1 — Equipment for Casting Ingots Weighing Between 40 and 150 tons. The vacuum 
container is in a pit some 30 ft. deep, The intermediate ladle receives metal from a sue- 
cession of tapping ladles and maintains a steady flow into the ingot mold at optimum rate 
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ot Mold — 


Fig. 2 — Schematic Views of Teeming Degass- 


ing (at Left) Where the Degassed Metal Is 
Later Cast in Air, and Ingot Degassing (at 
Right) Where Metal Direct From the Furnaces 
Is Degassed as It Is Teemed Into the Mold 


ingots up to 150 tons. In addition, some 900 
tons of high-grade steel castings were poured 
after similar vacuum treatment of the molten 
metal 

There were three schemes open to us; 
in which a ladle of hot 
steel from the furnace is put into a vacuum 


1. Ladle degassing 


chamber and pumped, 

2. Teeming degassing, in which a ladle of hot 
steel from the furnace is poured (through an 
appropriate trap) into a second ladle in a vac 
uum chamber, continually pumping the while, 
and is cast from this second ladle. 


3. Ingot degassing, which is similar to the 


last mentioned, except that an ingot mold is in 
the vacuum chamber. 
Ladle degassing has only limited application. 


Fig. 3 — Left Is Stream of Metal in Air 5 Ft 
Below Nozzle; It 1s About 24% In. Diameter 
Right is stream of steel at same temperature 


During pumping the metal boils, but this motion 
is confined to the upper part of the liquid; the 
lower layers in the ladle cannot take part in the 
surface reactions unless the whole melt is stirred. 
Teeming or stream-droplet degassing is shown 
in principle at the left of Fig. 2. The empty cast 
ing ladle is first degassed in the vacuum cham 
ber, the tap entry being sealed by a sheet of 
aluminum. This promptly fuses when molten 
steel strikes it. With a pouring rate of about 10 
tons per min., the transfer will drop the tempera 
ture 60° F. The ladle is then taken out and its 
contents teemed into ingot or casting melds, 
Ingot degassing — the process which we favor 
at Bochumer Verein in equipment shown in Fig 
| — is as diagrammed at the right of Fig. 2. There 
is an ingot mold inside the vacuum chamber. An 
intermediate ladle, such as is normally used to 
assemble metal from several furnaces in the cast 
ing of heavy ingots, is placed on top the cover, 
Of course the tapping ladle can also replace this 
intermediate ladle. If the steel can stand a con 


siderable drop ot temperature, both the pro 


esses sketched in Fig 9 can he applied SsuCOCUS- 
sively to the same melt. Indeed this has occasion- 
As far as the 


there is no limit to 


ally proved to be an advantage 
equipment is concerned 


the size of the ingots which can be cast 
Advantages of Degassing 


Our vacuum equipment was designed on the 
basis that the steel would evolve its own volume 
in gas (measured at standard conditions). Suit 
able drying filters with simple cleaning devices 
protect the pumping system from dust. 

Quite important is the prevention of oxidation 


and from same nozzle but falling in vacuum 
of 5 mm. Hg; the stream is dispersed into 
a spray at least 10 times the diameter 


Tapping Ladle 
Peep Hole 
; » Seal - 
— 
Casting Ladle 
To 
Vacuum 
Pump 
fee | 
> 
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of the stream of molten metal as it falls from 
the nozzle into the mold, Neither are splashes 
on the mold wall dangerous, as has been de- 
termined during later forging. 

As the killed, nondegassed steel enters the 
vacuum, the stream is split into tiny droplets, 
and this intensifies the degassing process. The 
behavior of the metal stream depends on the 
degree of the vacuum, on the shape of the nozzle 
and on the gas content of the steel. Therefore 
the operator, who can view conditions in comfort 
through proper peep holes, is in a position to 
vary the casting conditions within quite wide 
limits, While a spraying stream is undesirable 
when casting in air, on account of the ensuing 
oxidation, this factor is an essential feature of 
vacuum casting. Since droplet dispersion exposes 
a very large surface of molten metal, as shown 
in Fig. 3 at right, effective degassing can be 
accomplished even at relatively high pouring 
rates. 

Experience has shown that when vacuum cast- 
ing it is inadvisable to coat the mold. This 
eliminates the well-known danger that the steel 
may absorb hydrogen from the coating — some- 
times the source of half the hydrogen in the 
steel, Uncoated molds used in vacuum casting 
of ingots have a longer life than the coated molds 
used in air casting. It is also evident that the 
escape of gas is particularly rapid at the mold 
wall, and this has the same repellent effect on 
nonmetallic particles as a good coating has. Dross 
of this kind, however, occurs very rarely in vacu- 
um cast ingots. 

Preliminary pumping of ladle or mold is par- 
ticularly important for the hot top which often 
contains considerable quantities of water remain- 
ing after the ordinary drying with gas burners. 

When teeming a heavy forging ingot the cast- 
ing rate is controlled to accomplish a desirable 
balance of factors. Slow casting will mean a 
larger temperature drop from beginning to end 
of cast; oxide inclusions will not rise so easily 
and ingot imperfections may result. Too rapid 
casting may cause excessive boiling of the steel 


Table Il — Hydrogen* in Liquid Steel 
In Arrerk DrGassina 
Ck 35 6.8, 6.4 3.1 
75 Mn 3; Cast A | 5.5, 6.2 
Cast B | 6.0 3.2, 3.4 
Cast C | 6.2, 6.4, 6.2 1.7, 2.5 
*In cc. at normal pressure and temperature per 100 


g. of steel, multiply by 0.9 for parts per million 
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Table I— Typical Analyses of Steels 


STEEL | Mn | Ar 
Ck 35 | 0.35 | 0.40 | 0.65 | 0.004 
Ck 45 0.45 | 0.30 | 0.75 | 0.005 
75 Mn 3 0.60 0.35 | 0.90 | 0.004 
16 MnSi 4 0.45 | 0.85 | 1.05 | 0.004 


Phosphorus and sulphur each less than 
0.030, 


at the mold walls and cracks in the ingot. In 
vacuum casting, due to the much lower gas con- 
tent in the molten steel in the mold, a high cast- 
ing speed may be maintained; or it may be kept 
low without risking inclusions formed by oxida- 
tion since the oxygen content is greatly re- 
duced by the degassing. It is noteworthy, too, 
that the degassed steel possesses better fluidity 
than nondegassed steel. 


Gas Analyses 


As soon as the mold is full, normal atmospheric 
pressure is restored. Since the vacuum used in 
our casting process (1 to 10 mm. of Hg) cannot 
be called a high vacuum, and since the container 
and mold may give off some gas, the gas which 
is pumped during casting cannot be regarded 
as giving an accurate idea of what actually 
comes out of the metal. Nevertheless, it is indica- 
tive. An analysis during the casting of a 25-ton 
ingot of chromium-molybdenum steel, for ex- 
ample, resulted as follows: 40% CO, 3.8% COs, 
23.0% Hy and 33.2% Ny. The proportion of CO 
to CO. checks the theoretical conclusion that 
additional deoxidation occurs at low pressure 
in steels containing 0.10% carbon or more and 
low aluminum. 

Hydrogen From Molten Steel — The liquid 
steel samples were taken from a ladle in front 
of the furnace or from an uncoated testing mold 
poured from the tapping ladle. This represents 
the metal before degassing. For the vacuum cast 
ingots the samples were extracted from the hot 
top through an observation window. Analysis 
for hydrogen was by the so-called tin-fusion 
process devised about 15 years ago in the Krupp 
laboratories.* This gives values considerably 
higher than those from other methods. Table | 
shows the typical analyses of the steels sampled, 
and Table II gives a hydrogen analyses (cc. at 
normal conditions per 100 g. of steel) of the 


*See articles by H. Bennek and G. Klotzbach, 
Stahl und Eisen, Vo). 61, 1941, p. 597, 624 and 675, 
and by H. Wentrup, H. Fucke and O. Reif, Stahl 
und Eisen, Vol. 69, 1949, p. 117. 
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Ck 35 Ck 45 


Fig. 4 — Hydrogen Analyses Across Round Forg- 
ings From 21-Ton Ingots. Dotted lines repre- 
sent air cast; full lines vacuum cast. Ck 35 was 
forged to 2l-in. round; Ck 45 to 32-in. round 


liquid steel before and after degassing. These 
figures show that half of the hydrogen in the 
molten steel as it leaves the furnace is extracted 
before the liquid metal solidifies in the mold. 
Not much 
vacuums we use (5 to 12 mm. Hg) since the 
1600° (2900° F.) 
is 2.0 to 5.0 ce. per 100 g. in that range of pres- 


more could be extracted in the 
equilibrium solubility at 


sures, but considerably lower hydrogens have 
been achieved when pumping to higher vacuums, 

Gas From Ingots — We have compared the gas 
analyses of forging ingots from split heats of 
various engineering alloy steels, part of the 
metal being cast into molds in the air, following 
the best practices, and part being cast in vacuum. 
Average values for four steels are shown in Table 
Ill on p. 56. 

Of particular interest to users of large forg- 
ings is whether hydrogen content may vary 
widely within the cross section. As a result of 
its solubility drop during solidification, segrega- 
tion must be expected, It is difficult to measure 
this, since hydrogen diffuses so readily, but this 
possible segregation was investigated in our 
study of differences in the hydrogen content 
between air cast and vacuum cast ingots. Care 
was taken to insure that when cutting the 
sample it was not heated above 75° F., and that 
it was analyzed promptly. The vacuum fusion 
method was used, Figure 4 shows that in the 
rim of large forgings of 0.35 to 0.45% carbon 
steels, the hydrogen content had dropped to 
values below 1 ppm., which value approaches 
the limit of error in this method of determination. 
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By contrast, the hydrogen concentration in 
the mid-section of air cast steel ingots is higher 
At the very center, values of 3 to 5 ppm. were 


found, while in the vacuum steel they were only 


1 ppm. We believe that the air cast ingot was 
originally uniformly high in hydrogen, but dur- 
ing cooling the hydrogen has diffused out from 
the ends and surface of the forgings. Therefore 
only the data for the mid-sections show up the 
large difference between the air cast and the 
vacuum cast forgings. 

Volatiles From Ingots — As has been reported 
by Americans operating vacuum melting equip- 
ment, we find a noteworthy vaporization of 
volatile metals or oxides which condense in the 
pump filters. An analysis of this dust showed 
17.9% FeO, 47.0% MnO, 0.5% CaO, 1.1% SiOg,, 
1.4% Zn, 2.6% Cu, 0.2% Sn and 1.0% Pb 
cannot evaluate the effect of traces of volatile 


As yet we 


elements like zinc, tin and lead, Certainly they 
would not be welcome in steel in measurable 
quantities, 


Structure and Sonims 


We have as yet found no evidence that the 
ingot segregation of carbon, phosphorus, sulphur 
and the usual alloying elements is influenced 
by vacuum treatment at pressures around 5 
mm. On the other hand, oxygen and nitrogen in 
forging ingots, and in the forgings made there- 
from, are definitely lower and no significant dif 
ferences were observed between the top, middle 
and the bottom, nor between the rim and the 
core of the ingot. By contrast, the higher gas 
contents of air cast comparison ingots revealed 
major differences between rim and core and be 
tween top and bottom 

We are not sure that microscopic shrinkage 
(cavities) can ever be entirely avoided in large 
their 


vacuum 


ingots or massive forgings. However, 


number is unmistakably reduced by 
treatment, so far as the gas content is responsible 
for them. 

(While this article relates to large ingots of 
low-alloy steels, supporting evidence is had from 
our experience with casting extremely thin sec 
tions, as for instance, the blade edges of Francis 
and Pelton water wheels made of 13% chromium 
steel. Porosity in these edges could not come 
from inadequate deoxidation, but only from the 
hydrogen content. By degassing the metal be 
fore casting, about 50% of the hydrogen was 


removed and teduction 


porosity eliminated 
from 8 to 4 ppm. evidently gives metal sufficient 


ly low in hydrogen to render harmless any 
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Table Il — Gases in Forging Ingots 
CK 35 Cx45 46MwNnSi4 

Ingot size 21 tons | 2] tons) 25 tons 
Hydrogen*, air cast 6.3 5.0 

vacuum Cast 2.4 1.4 
Oxygent, air cast 0.007 0.001 0.003 0.004 

vacuum cast 0.002 0.002 0.001 0.001 
Nitrogent, air cast 0.006 0.007 0.0065 0.007 

vacuum Cast 0.004 0.006 0.0065 O.005 


tin weight percent 
*[n cc. at standard conditions per 100 g. of metal 
Multiply by 0.9 to convert to ppm, 


natural reabsorption during the run through the 


mold. ) 

Figure 5 shows some comparisons between 
insoluble residues in samples from vacuum cast 
and air cast 0.35% carbon steel ingots —a split 
heat, The quantity of oxides in the vacuum cast 
ingot was only one-fourth that in the air cast 
ingot. Furthermore, there were major differences 
in the silica and alumina contents, and manga- 
nese oxides were practically absent from vacuum 
cast metal, 


Flakes 


The following plant tests were carried out 
with a view to clarifying the very important 
question as to how far the liability to flaking is 
reduced by the decrease in hydrogen through 
vacuum degassing. A number of tops and bot- 
toms from big forgings in current production 
were cooled in air immediately after forging 
and tested supersonically over the whole length, 
and also by etching of surfaces and by breaking 
off large pieces, in order to detect any flaky 
cracks, 

Several heats of 0.45% C steel were cast in 
21-ton ingots by the two methods. Forging butts 
18 in. diameter by 40 in. long from six such 
comparison pairs were air cooled, None of the 
vacuum cast metal showed any flakes; all of the 
air cast metal did, The same result was found 
in larger air cooled pieces from another split 
heat; these were 30 in, diameter and 14 ft. long. 
Two forgings from two 100-ton ingots of air 
hardening Ni-Cr-Mo steel such as used for elec- 
trical rotors, vacuum cast, were air cooled with 
surface hardening cracks but without internal 
flaking; one was 18 in, diameter and 55 in. long. 
On the other hand an 18-in, round, 5 ft. long, 
made from an 80-ton ingot of Mn-Si steel, cast in 
air, was flaky. 

This proves that our original aim was achieved, 
namely, to avoid the tendency to flaking, even in 
heavy forgings. 
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To lend additional weight to this conclusion 
some tests on rails may be cited from our early 
work, since the relationship between that type 
of flake, which develops internal transverse fis- 
sures in service, and hydrogen is universally 
recognized. Rails are plain high-carbon steels 
with tensile strength of about 130,000 psi. In our 
comparisons, one part of the heats was cast with- 
out previous vacuum treatment; the other part, 
after stream-droplet degassing, was cast into 
2-ton ingots in air. The ingots were then rolled 
to rails. Half of the rails were cooled slowly in 
a pit, the other half laid out in the open air. 
All the rails in the pit were free of flakes irre- 
spective of method of casting. About 25% of 
the air cooled rails that were from the normal 
casts showed numerous flakes over the whole 
length. Only about 5% of the air cooled rails 
made from degassed steel revealed a few flakes. 
Thus the reduction of the hydrogen content in 
the molten steel from 5.8 to 3.1 ppm. had clearly 
reduced the liability to flaking — but, owing to 
the rolling and cooling strains, it was evidently 
not sufficiently low to prevent all flaking. Later 
we found that by further lowering the pressure 
during vacuum degassing, we could bring the 
hydrogen down to approximately 1.8 ppm. This 
metal was completely free from flakes after 
rolling into rails and cooling in air. 

These experiments on rails demonstrate that 
caution must still be observed when degassed 
forgings are air cooled. It has been established 
that liability to flaking is influenced not only by 
the hydrogen content, but also by working 
cooling and transformation strains. In some air 
hardening steels used for heavy forgings these 


can induce flakes. Air hardening steels frequently 


Fig. 5 —Comparison Between Amounts 
of Oxide Particles From Equal Samples 
in a 21-Ton Split Heat of 0.35C Steel 
One Vacuum Degassed, One Cast in Air 


0 Air Cast 
Vacuum Cast 


0.040% 


Total Oxide Total Oxygen 


in Residue 
Al,O, MnO FeO 
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show surtace cracks at minor defects 
which intensify the transformation stress- 
es. For instance, the air cooled forgings 
of the Ni-Cr-Mo steel mentioned above 
showed hardening cracks over their whole 
length. The fact that they were neverthe- 
less free trom flakes is evidence of their 
particularly low hydrogen content after 
the vacuum ingot degassing. 

When making heavy forgings from such 
steels it is necessary, therefore, to inte: 
rupt the air cooling of the piece at about 
600" F. and to soft anneal it, or cool it 
slowly down to room temperature. Ac- 
cording to our experience, however, this 
soft annealing need not be continued as 


long “as Is usual and necessary for normal 


air cooled ingots to diffuse the hydrogen 


throughout the ferrite, After preliminary 
machining, heat treatment involving quenching 
in air or in oil will be safe. 

We have never found flakes in the current 


production of forgings from our vacuum ingots 
Mechanical Properties 


The mechanical properties are likely to be 
influenced by the vacuum treatment by reducing 
the oxide inclusions. Furthermore, as is shown 
by the pickling embrittlement, low hydrogen 
contents also improve the toughness, though no 
change is shown in the tensile strength. 

To check these principles, a large-scale evalu 
ation Was made of tensile and note hed-bar 
impact values of test pieces cut radially from 
inductor shafts of a Ni-Cr-Mo steel with about 
$0,000-psi. yield point and 100,000-psi. tensile 
strength. To facilitate comparisons, only forgings 
of similar dimensions and of the same kind of 
steel and melting process were included. 

Figure 6 shows that on the average the 
products of elongation and tensile strength and 
the products of reduction of area and _ tensile 
strength are higher in the forgings from vacuum 
ingots and that their range is narrower than in 
the air cast ingots. No influence of method of 
casting was revealed in the products of notched- 
bar impact value and tensile strength (right 
hand diagram). 

Since no special precautions were taken in 
these inspection tests as to hydrogen diffusion 
during sampling and storage, it cannot be 
definitely decided whether this improvement of 
the values indicated in Fig. 6 must be attributed 


solely to a reduction of the hydrogen content 
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Air Cast 


Vacuum 
Degassed 


Fig. 6 —~ Comparison of Mechanical Properties of Ra 
dial Test Pieces from Electrical Generator Shafts 24 
to 37 In. Diameter. Forgings were made from 57 ingots 
weighing 16 to 47 tons, and 27 ingots weighing 50 to 
100 tons, about equally divided as to method of casting 


or partly to some improved degree of purity 

Supersonic recordings from these flake-fre« 
forgings from degassed steel show a definite 
improvement, The quality of inductor shafts 
turbine rotors, backing rolls, high-pressure cas 
ings, barrel shafts and dies has also improved 
from the outset. Serap figures have been con 
siderably lower than in our previous experiences 
with air cast ingots 

When we began to apply the vacuum process 
to very heavy ingots it was necessary to adapt 
the steelmaking operations to the spec ial re 
quirements of the new casting method, This 
was successful, and surprisingly satisfactory 
results are now being achieved 

From the above it will be seen that vacuum 
casting has been successfully practiced in the 
production of heavy forging ingots. Hydrogen 
content has been reduced to such an extent that 
there is no longer any of the flaking always 
existing when using the normal metallurgical 
methods. These low hydrogens are achieved by 
dispersing the stream of metal into droplets in 
a vacuum. Other advantages of the Bochumer 
Verein's vacuum casting method are that the 
workmen can observe and direct casting without 
exposure to great heat and dust, the oxygen and 
nitrogen contents of the steel are low, porosity 
is reduced and mechanical properties are inn 
proved, The method has considerably increased 
the safety of large pieces of metal used in critical 
services. This is of special importance, since the 
produc tion of large steam and gas turbine shafts 
also rotors for electrical machinery, is one of the 
most difficult tasks of today’s engmee4rs 6 
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If This Be Treason, 


Make the Most of It 


, MESSAGE of encouragement is dedi- 
cated to those deserving members of the metals 
industry who are frequently called up to explain 
metallurgical terminology to half-interested lay- 
men directly or indirectly implicated with metal 

pots and pans, paper clips, pipe cleaners, 
partial plates, electric trains, ferris wheels, bar 
rails, or you name it. This menagerie includes 
not only the wives, children, and relatives of 
the metal worker, but also new secretaries and 
typists, salesmen, visitors to the mills or labora- 
tories, as well as buddies at the local gin mills. 
Most of these people have been exposed at one 
time or another to one or several metallurgical 
terms, scientific or otherwise — mostly otherwise. 

To initiate an apparently intelligent conver- 
sation with, for example, a metallurgist, one of 


SS 


By S. J. MANGANELLO 


his brothers-in-law may ask, “Why is columbiun» 
the gem of the ocean?” or, “Why is green sand 
black?” Questions like these elate the metal- 
lurgist, for he realizes immediately that the 
person asking the questions has never read the 
front section of the @ Metals Handbook, 1948 
Edition (Adv.). The metallurgist will then 
assume a professional air, flick the ashes from 
his cigar, and embark upon some deeply involved 
answers to these “very good” questions, perhaps 
beginning by telling his brother-in-law that 
columbium is now known as niobium. 

Then the new secretary arrives! She wants 
to learn all there is to know about metallurgy 
in her first month of work. Her first question 
may be, “Is this word tuming or telming?” to 
which, of course, you answer, “Teeming”. A 
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Are Carbon Boils Painful? - 


Effect of Ingot Mold on Rosette Blooms= 


week later she may ask, “Do damping experi- 
ments rust iron?” A few weeks later she may 
ask, “Do descaling baths remove fish eyes as 
well as scale?” Consider her fully trained when 
she asks, “Are carbon boils as painful as sand 
scabs?” 

You no doubt have listened to the radio game, 
“Twenty Questions”. Imagine yourself a con- 
testant in a somewhat similar game, Test your 
skill and patience with these twenty questions: 

1. Will pressure vessels ever replace kayaks 
for low temperature marine applications? 

2. Does a slab of pig between two rolls con 
stitute a plate lunch? 

3. Do belt 
buckles? 


4. Does tin cry when it is upset? 


grinders also fabricate brass 


5. Will keyhole notches prevent gates from 
being dragged off? 

6. What is the maximum temperature to which 
chilled iron can be heated and still be termed 
chilled iron? 

7. Will season cracking destroy the germanium 
ingot crop this year? 

8. What effect does ingot mold have on rosette 
blooms? 

9. Can hairline cracks and skull scabs be cured 
by heat treatments to the skelp? 

10. Will the 
antimony in the form of gold dust or uranium 
stock? 

ll. Is the creeping stage a normal phase in 
the aging of steel? 


divorced eutectic receive het 


12. Will rediscovering the lost wax process 
pay dividends on the investment? 
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13. Does fatigue have any bearing on metal 
becoming shot? 

14. What mill the 
from which hydrogen flakes are made? 


famous processes grain 


15. Did stress and strain cause the Austenite 
twins to separate? 

16. Are orange peels susceptible to lime boils? 

17. Did sleeve markings have any bearing on 
the recent seizure and investigation of admiralty 
brass? 

18. Was it the temperature or the humidity 
that caused Alpha Martensite to lose his temper 
while drawing? 

19. Why does lead go to pot when the heat 
is onr 

20. Will the Neumann band, the energy band 
the forbidden band, or the deformation band 
ever replace the hardenability band as the main 
attraction at the National Metal Show? 

Have 


fortunate if you've never been put on the spot 


you had enough? Consider yourself 
with these or similar semikilled questions. If 
some drunk insists that Sobieski was the famous 
Pole figure who invented the nonferrous wheel 
agree with him. Spare yourself wasted effort. 
You should realize by now that tin pests and 
pinheads ain't welcome in bars. 

In fact 


sion that it’s a waste of time going to college to 


I've come to the nonmetallic conclu 


learn metallurgy. My friend, Captain Queeg 
never went to college, yet he’s evolved a method 


Andy 
Me and my cell mate, Captain Jones 


of rolling steel balls. Then there’s myself 
Carnegie 
here, used to oops! here comes that pesty 


whitecoat attendant again, Cu later! rs] 


SY 
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UNITED KiNnGpom now has enough nuclear ex- 

plosive in its own possession to destroy every 
large city in the world and probably most of the 
large towns as well. The United States stockpile 
of Pu and U*** is enormously larger. The military 
bomb production of the U.S.S.R. is probably nearer 
to the American than the British production 

In Great Britain plutonium is produced in the 
nuclear reactors at Windscale in Cumberland. U*** 
is from the diffusion plant at Capenhurst where the 
two isotopes of natural uranium are separated. 
Almost exactly 5 kg. of either of these materials is 
necessary to make a bomb. A smaller mass will not 
explode, 

The most direct hint of British production was 
contained in Sir Christopher Hinton’s disclosures 
about the chemical plant at Windscale. He said 
that the amount of plutonium recovered each year 
was “measured in hundreds of kilograms’’ and that 
“hundreds of tons of uranium” from the Windscale 
piles was processed each year. 

Kach ton of natural uranium which goes into 
the reactors there contains 7 kg. of U**°, During 
the operation of the reactors this is partly converted 
into plutonium, For each kilogram of U*"" a little 
more than 0.1 kg. of Pu is recovered. This means 
that for each LOO tons of uranium fuel, the explosive 
for 15 atomic bombs is recovered. The fuel charge 
of the piles can be estimated from the dimensions 
and suggests that the number of bombs produced 
is between 60 and 100 

The Windseale plant started continuous opera- 
tions at the end of 1950. This means that 
made enough plutonium for 300 to 
bombs 

Estimating the production of the diffusion plant 
at Capenhurst is more difficult. It is known that the 
first charge for the prototype fast reactor at Doun- 
reay is to be of U*** 


it has 
500 atomic 


and that this will weigh just 
over 3000 kg. of explosive or the equivalent of 600 
bombs. This is believed to be roughly half its pro- 
duction for the two years since the preparation of 
the White Paper on atomic energy and the time 
when the charge will have to be ready (at the end 
of this year) 

On this hypothesis the Capenhurst plant produces 
about 600 bombs a year. Its operation has not, 
however, been free from trouble, so it has probably 
produced explosive for somewhere between 2000 
and 3500 bombs 

Thus, altogether our stockpile is enough to make 
between 2300 and 4000 bombs. Not all of this is 
made up into weapons of course, though material 
for at least 1000 bombs has been so committed. 

The U.S.A.— In the United States the main 
source of plutonium is the eight large reactors at 
Hanford, Wash. The first of these started up in the 
summer of 1944 and the last three were in operation 


Stocks of Nuclear Explosives’ 


before the beginning of 1955. Altogether there have 
been more than “50 pile-years’ of operation, each 
of which would have produced material for more 
than bombs. This means that there are 
probably at least 5000 plutonium bombs in the 
United States 

American uranium bombs come from the thermal 
diffusion plant at Oak Ridge, Tenn. This began 
work in 1944 and has since been enormously in- 
creased in size. 


50 atomic 


According to one congressional in 
discretion its consumption of electricity amounts to 
10,000,000 kw roughly half the present total in- 
stalled capacity of power stations in Great Britain. 

In August 1955 in Geneva the U.S. Atomic En- 
ergy Commission announced that it would lease 
enriched uranium to countries which signed bilateral 
agreements at $25 for each gram of U**" contained 
in the material. It is understood that this charge 
springs largely from the cost of electricity used in 
making it. The cost of T.V.A. electricity in Ten- 
nessee is small, probably no more than 0.5¢ per 
unit. By this argument it must take rather more 
than 2,000,000 kw. of electricity to produce a bomb, 
so the Oak Ridge plant must produce at least one 
and probably two bombs an hour 

This means that its production of bombs prob 
ably amounts to about 7500 a year at present, or 
in the ten years for which the plant has been in 
operation (at first on a smaller scale) it cannot 
be far short of 30,000 bombs 

U.S.S.R.—In Russia 
harder to discover 


things are inevitably 
The bad design of the Russian 
described at suggests that 
they had no large reactors before about 1953. Most 
of their nuclear explosive must come from a diffusion 
plant somewhere 


power station Geneva 


But if the figures in the reports 
of the Russian five-year plans are to be trusted, 
the total installed capacity of electrical generators 
in the Soviet Union is not enough, when industrial 
demand is taken account of, to allow them to 
operate a thermal diffusion plant comparable to 
Oak Ridge. However, the U.S.S.R. must have had 
one working since the end of 1946. Probably it is 
larger than that at Capenhurst. Probably the Rus- 
sian stockpile is enough for 10,000 bombs. 

Calculations like this inevitably contain large un- 
certainties. Nevertheless other information, like the 
relative cost of producing bombs in thermal diffusion 
plants and reactors, is consistent with these conclu- 
sions. It is certain that the stockpile of nuclear 
explosive in all three countries is much larger than 
has previously been thought. 

Indeed perhaps it is sufficiently large to make 
the military think it is large enough for all forsee- 
able military purposes. 


*From an article “By Our Scientific Correspondent” in 
Manchester Guardian Weekly for March 1, 1956; 


reprinted 
by permission 
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Unmodified 


Fig. 1 
Cast in Permanent Molds. Hydrofluoric acid etch; 100 > 


a” for automotive engines are usu- 
ally made in this country from the aluminum 
casting alloys, A 132 and D 132 which contain 12 
and 9% silicon, respectively. In Europe, an alloy 
with 22% silicon is being used whose thermal ex- 
pansion Is closer to that of the cast iron engine 
heads and whose wear resistance is much greatet 
than that of the American alloys, In one instance, 
a truck company reported that there was no per- 
ceptible wear of pistons made from the 22% sili- 
100,000 miles of service. 


the high silicon content causes 


con alloy after 
Unfortunately 
excessive segregation and coarsening of the hy- 


pereutectic silicon particles, and castings are diffi- 
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Modified With Sodium 


Addition of dilute phosphor copper to a high-silicon aluminum casting alloy 
reduces segregation and increases machinability. (E25, G 17, AD 


With Dilute Phosphor Copper 


Segregation of Silicon in 22% Si Aluminum Alloy 


Silicon Aluminum 


Casting Alloy 


By JOHN C. WAGNER* 


cult to machine and sometimes unpredictable in 


performance. Several foundries have attempted 
to overcome these difficulties by the use of modi 
fying agents such as phosphorus penta hloride or 
sodium and its salts but these additions have 
some disadvantages. Phosphorus pentachloride is 
espec ially objectionable because of the heavy un 
pleasant fumes given off when it is added to 
molten aluminum alloys. Sodium and its salts are 


difficult to control and lose their effectiveness if 


*Materials Div., Research and Test Dept., US 
Naval Ordnance Plant, Indianapolis, Ind. (now in 
the Metallurgical Department, Allison Dis 
Motors Corp., 


General 
Indianapolis. ) 
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Fig. 2 Comparison of Machined Sur- tion. Sand castings were materially improved, but 
faces of Unmodified (Left) and Modi- 


( the modification was not so satisfactory. Com- 
fied Aluminum-Silicon Alloy (Right) 


mercial fluxing and degassing compounds had no 
adverse effects on the properties of the modified 
the metal is held molten for any appreciable time alloys. 

after the addition is made. The effectiveness may Machinability of the material was checked by 
disappear completely after only 15 to 20 min. comparing the tool life in tapping before exces 
holding time, 


sive wear occurred. Holes were drilled in perma 


ij Dilute phosphor copper has been suggested as — nent mold castings with a No. 43 drill and then 
. an additive and a recent investigation at the U.S. tapped on a drill press equipped with a tapping 
Naval Ordnance Plant has indicated that it re- head. The taps were size 4-40, class 2 and were 
duces both hypereutectic coarsening effect and made from high speed steel. A total of 1200 holes 
segregation without any adverse effect on other were tapped and 25 taps were expended. Tap life 
properties. The cost of the addition is only about was determined by measuring the threads with 
half a cent per pound of aluminum alloy cast and an NC-2 thread plug gage. If the tapped hole 
its effect persists in remelting, tapered so that two threads of the plug gage were 
The basic alloy contains 22% Si, 2% Ni, 1% Cu, — above the surface, the tap was rated worn out. 
1% Mg, 0.5% Fe, O.1%V, balance Al. When no An increase of 300% in tap life was obtained by 

modifier is added, its as-cast structure contains addition of phosphor copper to the alloy. 
the coarse segregate shown at the left in Fig. 1. Additional machinability tests were conducted 
Metallic sodium additions reduce the size of the with carbide tools. In these, the greatest improve- 
c segregate, but not enough as shown in the center. ment was noted in surface finish as shown in Fig. 
Addition of dilute phosphor copper (right) both 2. With the unmodified alloy, the cutting tools 
refines and disperses the hypereutectic silicon. caused pitting as a result of dragging out large 
Phosphorus in the modified alloy is 0.014, particles of silicon. Little or no pitting occurred 

Twenty laboratory and several commercial when the modified alloy was machined. 
foundry heats of the modified alloy have been Modification by dilute phosphor copper appar- 
made, Castings in a variety of shapes ranging — ently eliminates certain detrimental properties of 
in size from % to 2% Ib. have been poured in both the high-silicon alloy when cast in permanent 
e sand and permanent molds, Melting and pouring —_ molds, and its use in this country should increase. 
+ temperatures were varied from 1380 to 1500° F, The greater wear resistance and lower thermal 
and the alloy has been held molten for as long as expansion should be beneficial not only in pis- 
; 2% hr. after modification. All permanent-mold tons for heavy-duty engines but also in other au- 


castings were fine-grained and free from segrega- tomotive components. 
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This is the cell room in ELecrromMet’s new electrolytic manganese piant at Marietta, Ohio, 


Now Available! 


Trade-Mark 


ELECTROLYTIC MANGANESE pure 


For all uses where a high-purity 


manganese is required... 


ELECTROMET's process for making electrolytic man- 
ganese produces high-purity metal with a minimum 
of 99.9 per cent manganese. This material is well 
suited for all uses where high-purity manganese is 
required, as in the production of low-carbon stainless 
steels, high-temperature alloys, non-ferrous alloys, 
and electrical resistance alloys. 


Nitrogen-Bearing Electrolytic Manganese — A nitrided 
electrolytic manganese, containing about 6 per cent 
nitrogen and 93 per cent manganese, is also avail- 


able for metallurgical uses from ELECTROMET. 


The term ‘Electromet” is a registered trade-mark of Union 
Carbide and Carbon Corporation. 
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Specifications of ELECTROMET Electrolytic Manganese 
Analysis: Manganese 99.9% min, (on metallic basis) 


Nitrogen-bearing Grade approx. 93°. manganese 
approx. 6%. nitrogen 
Dehydrogenated material is available 


Packaging: Usually packed in steel drums holding 500 
lb. of material. Smaller packages available at small 
premium. 


For further information about ELectnomert electro- 
lytic manganese metal, and other E.Lecrnomer ferro- 
alloys and metals, please contact the nearest 
ELECTROMET office listed below. 


ELECTRO METALLURGICAL COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [Tq@ New York 17, N. Y. 


OFFI jha “jo eveland e 
Anae 


In nada: Liect 
of Union Carbide 
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On the Importance of 
Reading the Handbook 
Supplement Carefully 


CLEVELAND 

Back in early 1955 when the first 
Handbook Supplement had been in 
the hands of the about 
nine months | was working with ti- 
tanium and needed an etchant more 
convenient to handle in the labora- 
than the 
nitric acid mixtures, 

Since that great source of metal- 
lurgical knowledge — the 
Metals within 
reach via a 10¢ phone call I called 
Ray Bayless and asked him where 
I could get some good information 
on titanium. He referred me to the 
Handbook Supplement. I did not 
know that T had one. [ was told in 


members 


tory usual hydrofluoric 


American 


Society fer was 


ag 


crisp but friendly phrases that if | 
paid more attention to what was sent 
by the A.S.M., I wouldn't be look- 
ing all over the town for what I 
already had! 


Greatly chastened, I carefully read 
the chapter on titanium. The usual 
etching reagents were listed in a 
table but under “corrosion resistance” 
on page $4, colurnn 2, line 10, is this 
highly informative clause, “all con- 
centrations of oxalic acid attack the 
metal”, 

So I dumped about 20% oxalic 
acid in some water, put my titanium 
forging in it, placed it on a hot 
plate and waited for action which 
came soon but not immediately. 
Somewhere between 80 and 100° F. 
rapid etching takes place with tech- 
nical grade acid and Lake Erie water 
on at titanium alloys 
Chemically pure acid and distilled 
water 


least two 


react very slowly. 


Forging 


flow lines and show 
more clearly than with other etching 
solutions. The great advantage is 
that can etch with 
something that won't burn holes in 
your pants. 

final Since 


acid is sometimes produc ed naturally 


some detects 


you titanium 


suggestion: oxalic 
in the human body, some mysterious 


attacks on titanium may be at 
tributed to handling. 


D. 


Quantitative 
Metallography by 
Lineal Analysis 


STANFORD, CALIt 

During recent years interest has 
been increasing in techniques and 
equipment for rapid, reproducible 
quantitative analysis of microstruc 
tures. Both point counting and lineal 
analysis techniques are considerably 
superior to visual estimation of the 
volume fraction of the various micro 
constituents in a polished and etched 
section. Lineal with the 
Hurlbut counter is more reprodue- 


analysis 


ible than the photographic point 
counting technique and has the ad 


ditional advantages of ease and 
speed of operation, 
Several other methods of lineal 


Top—Titanium Alloy Forging 
Etched 15 Min. in 20% Oxalic Acid 
at 200° F. Bottom —Same_ Tita- 
nium Forging Repolished and 
Etched in 10% Nitric Plus 2% Hydro- 
fluoric Acid for 20 Min. at 120° F 
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Exclusive P&H features make welding easier, safer, 


1. Greater Flexibility. P&H Positioners have plus 
clearance when face plate is tilted 135°. You can han- 
dle larger weldments 

2. Positive Safety. P&H Positioners have an exclu- 
sive locking feature which prevents table from falling, 
and all gearing is completely covered 

3. Greater Elevating Range. You get more working 
range on table heights with P&H Positioners, even on 
smaller models 

4. Choice of Mounting. Only P&H Positioners offer 
you a choice between floor-pit or portable mounting. 
You select the mounting that will serve you best 


5. Power Elevation. You get reliable power elevation 


more efficient... improve quality and reduce costs 


6. Largest Selection. There are 27 P&H Positioner 
models to choose from, to meet your exact needs ~— 
capacities from 500 pounds to 100,000 pounds. 


7.1360 Tit. Every P&H Positioner gives you a full 
135° tilt, in a design that provides full clearance at 
maximum tilt — and complete safety. 


8. Stronger Construction. ‘There's more steel in 
P&H Positioners than in other positioners — for extra 
strength 

9. Working Parts Covered. P&H Positioners have 
longer life because all working parts are concealed and 
protected from interference by dust, debris, and 
splatterings. 


even with capacity loads, 
HARNISCHFEGER 
MILWAUKEE 46, WISCONSIN 
I'M SMOOTH-ARC SCOTTY... 
reminding you that downhand position 
welding can save you from I7 to 53% 
in costs. One firm has saved 70%. 


HARNISCHFEGER CORPORATION 
Welding Division 
4549 West Notional Avenue, Milwaukee 46, Wis 


SEND 
COUPON 


Attention: Mr. W. R. Stephens, Sales Manager 


Please send me more information on 
Welding Positioners 


FOR 
MORE 
INFORMATION 


Name Tithe 


Company 


PAW 


Company Address 


City Zone 


State 


P&H welding equipment is manufactured and sold in Canada by REGENT EQUIPMENT MANUFACTURING COMPANY LTD., 455 King Street West + Toronto, Ontario, Canada 
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PzcH Welding Positioners offer these 
BIG ADVANTAGES 
| 
| 
| 


Copper Bran 


ASHWORTH BROS., INC. 


WINCHESTER, 


Soles Atlanta + 


+ Charlotte, NC 
Los Angele L 


Greenville, C Le + Lounville he Philadelphic 
Engineers: Seattle « Paul Canadian Rep , PECKOVER'S Toronto 


at 2060 ¥. 


VIRGINIA 


PROCES 


of being drawn into wire 


AsHWoRTH belts afford a 


from sub zero to 2100°. 


ever your process 


economies and 


FOR 


* Chicago + Clevelond + Dallas + Denow 
Ne New York Philadelphia + Rochester 
Montreal 


BELTS 


Woven from any metal capable 


form 


con 


veying medium in temperatures 
What- 
Ashworth 


belts can help you effect 


Keep Your Product on the Move 


MLUSTRATED CATALOG 


M55 


UKEE 


for measuring industrial gases 


Here at last is the truly modern 
flo-meter that offers important and 
exclusive advantages for every user. 


Easy to clean. No tools are needed 

for disassembly . . can be completely 

cleaned and reassembled in 2 minutes. 

Easy to read. 6” scale gives extra 

visibility. Exclusive Waukee tabs 

identify in large red letters gas being 

measured, Eliminates mistakes. 

Built-in control valves. Operators 

can easily see flow change. 

Easy to mount. Can be pane! mounted 
. piping is simpler, installation 


costs less. 


For additional information request 
bulletin #201. 


ENGINEERING COMPANY 


403 E. Michigan Street, Milwaukee, Wis. 


Metallography 


analysis have been developed such 
as the incorporation of several mi- 
crometer heads onto a single-stage 
micrometer shaft, a variation of 
which has recently been offered by 
one of the manufacturers of optical 
equipment. 

In our laboratories we have been 
using an alternate 
technique. 


lineal analysis 
This method depends 
upon the accurate measurement of 
the length of tine that a given micro- 
constitutent appears under the ocu- 
lar crosshair as the specimen is 
moved across the microscope field 
at a constant velocity. Two pieces 
of equipment are required—one to 
move the specimen at constant ve- 
locity and the other to record the 
measurements. We use a_ variable 
speed transmission coupled to an 
electric motor with a reducer gear 
box to move the specimen. This 
simple drive mechanism is suspend- 
ed in such a manner that the shaft 
can be connected to one of the 
stage micrometer knobs of a Reich- 
ert metallograph by a short length 
of heavy-walled rubber hose. To 
disengage the drive, 
the stage and remove the hose. 
The other portion of this lineal 
analysis equipment is also simple. 


we just rotate 


It consists of several electric stop 
clocks of the accumulating type, 
each of which is run by a sensitive 
microswitch. For convenience, all 
of the microswitches (push buttons ) 
are mounted a row in a single 
control box. Each button controls a 
single clock, and when depressed, 
starts the clock. 
clock stops. 


Upon release, the 
The procedure is to 
button (and 
microconstituent, 


assign a particular 
clock) to each 
and while the specimen is moving 
across the field of the microscope, 
to depress the button corresponding 
to the constituent passing under the 
crosshair at that particular time. At 
the conclusion of a given traverse 
the ratios of the accumulated times 
on the stop clocks are equal to the 
volume ratios for the individual con- 
stituents. The clocks can be reset to 
zero and the procedure repeated to 
give the precision desired. 

This technique, in which the driv- 
ing and measuring systems are sep- 
arate, has an advantage over the 
Hurlbut method in that there is no 
mechanical jarring of the optical 
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Shaker hearth furnaces automatically 
dump parts into Shell Voluta Oil 23, 
then remove and drain them. 
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SHELL 


VOLUTA 


OIL 23° 


“The right quench oll for our work is 


says Garland Wilcox, Chief Metallurgist 


Wa BARNES COMPANY and steel 
springs have “gone together” for nearly a 
century. Most of today’s output is in 
SAE 1075 or 1095 steel. 

Because the quenching operation is so 
important to the life of springs, the Wallace 
Barnes laboratory decided to test its regu- 
lar quenching oil against some of the newer 
products, including Shell Voluta Oil 23. 
This is what they found: 

Shell Voluta Oil 23 showed a superior 
quench rate, with correct hardening and 
relative freedom from distortion. It drained 
more rapidly from the quenched parts, re- 


Wallace Barnes Co., Bristol, Conn. 


...-the story of a profitable change 


ducing dragout loss. It washed off more 
completely in the alkaline cleaner; it re- 
duced flaming, and cut down on the oil 
baked to parts. 


Wallace Barnes reports that this oil has 
almost eliminated trouble with “‘slack- 
quenched parts,’ and that heavier stock 
now goes through without special handling. 
Se... Shell Voluta Oil 23 has replaced the 
former quench oil in all tanks of the spring 
hardening departments, serving salt pot 
lines and shaker hearth furnaces. 

We'll be glad to provide full information 
on Shell Voluta Oil 23. 


WALLACE BARNES CO. 
A division of Associated Spring C 


Flat springs at austenitizing tempera- 
Voluta 
23. 


SHELL OIL COMPANY 


50 WEST SOTH STREET, NEW YORK 20, NEW YORK 
100 BUSH STREET, SAN FRANCISCO 6, CALIFORNIA 


Over 35,000 prints of production items 
like these are kept on file at Wallace 
Barnes Co. 


Photos courtesy STERL”* 
v. 
97 


ARTIN furnace shown was built for a leading 


manufacturer of aircraft engine parts. Advanced 
in basic design, it also incorporates several features which 
our customer felt certain from long experience would 
do their job better . . . and faster. As anticipated, this 
furnace is now out-performing all others on Nicro-brazing 
operations, at temperatures up to 2500° F. 
Why not ask this defense contractor?* 
You, too, may have some furnace ideas that will do your job 
better and faster. Write us today for information on building 


a MARTIN advanced design furnace to your requirements. 


MARTIN 


ADVANCED DESIGNS IN 
ALL TYPES OF FURNACES 


* Name and details 
upon request. 


industrial furnace division 
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Metallography . . 


system when disengaging one count- 
er and engaging the next. In addi- 
tion, there is no problem of mechani- 
cal inertia because electric stop 
clocks of this type have a very effec- 
tive brake. As a matter of fact, the 
problem of inertia is the only reason 
that inexpensive self-starting house- 
hold clocks cannot be used for this 
work. With sensitive microswitches, 
the limit of accuracy is set by the 
reflex time of the operator. 

In all instances, of course, the 
, quantities that are being measured 
are those seen as a result of the 
metallographic techniques of polish- 
ing and etching, and are absolute 
values only if those metallographic 
techniques reveal the structure in its 
true proportions. 

Rosert A. Huccins 
Asst. Prof. of Metallurgy 


Stanford University 
Nitriding in Air 


JAMsHeppuR, INDIA 
We have also observed precipita- 
tion similar to that described by 
Reed Knox, Jr. in the November 
1955 issue of Metal Progress, when 
steels containing substantial amounts 
of acid-soluble aluminum are heated 
in an atmosphere of nitrogen. The 
size and distribution of the needle- 
like phase depend on the concentra- 
tion of aluminum and nitrogen in 
steel. Such precipitation is readily 
visible only when aluminum in the 
steel exceeds or is in the neighbor- 
hood of 0.38%. The needle-like phase 
was identified as AIN by X-ray dif- 
fraction and it was also established 
that no iron nitride was present. 
We believe that the needles de- 
picted in the photomicrograph 
shown by Mr. Knox may be of AIN 
and the steel in which he obtained 
the needles may be high in acid- 
soluble aluminum and nitrogen. It 
may be worth while analyzing the 
AIN content of his steel and tracing 
back its melting history particularly 
relating to its deoxidation by alumi- 
num. It is also probable that alumi- 
num may have been inadvertently 
introduced into these steels. Al- 
though the steels in this instance 
were heated in air, nitrogen may 
have been absorbed from fuel gases 
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WHICH DIE STEEL WOULD YOU USE HERE 
to boost production per grind 500%. ? 


These tools blank out dead soft brass washers, .170” hours’ downtime is involved each time the tools have 
O.D. x .100” 1.D., 009” thick, on a punch press at 156 to be reground. ‘Total parts to date: 5,500,000 . . . and 
strokes per minute, It is an exacting job for a couple of the tool is still good for about 15 regrinds of .003” each. 
reasons, First, it involves a government contract and Why make the tough decisions alone, when 
strict delivery schedules have to be maintained. ‘Then Carpenter's service organization is sincerely interested 
too, the punch and die are set up to blank seven washers and equipped to work with you? A move in the right 
per stroke and have to do this for many millions of direction would be to call your nearest Carpenter Mill 
pieces . . . and still remain within burr limitations set Branch Warehouse, Office, or Distributor, now. 
up by the government. Performance from the steel used 
in the past was far from satisfactory . . . to maintain 
a om production had to be substantially increased. Your toolroom can use Carpenter Matched 

Suppose the decision were up to you. Which die steel , i | Tool and Die Steels to: 
would you be willing to recommend for steady, trouble- 4 
free production? >< 

In this Field Report from customer files, here’s what 4 4 Minimize machine downtime 
happened: ‘The Carpenter Matched Set Diagram was Np E> Ky Boost output per grind 
consulted and Carpenter No. 610 (Air-Wear) was se- <4 ality 
lected. Since then No. 610 has enabled the Company quent; 


to hold delivery schedules comfortably . . . racking up 
increases in production per grind as high as 500%. And 
this is especially significant when you realize that five 


IMMEDIATE DELIVERY from local warehouse stocks The Carpenter Steel Co., 133 W. Bern St., Reading, Pa. 
Export Address: Port Washington, N Y.—“CARSTEELCO” 


FIEL PORT: NO. 87 

/ 

af 


HERE’S AMERICA’S 


Top Quality 
STEEL SHOT 


Round, solid, tough—Tru-Steel has everything you expect in 
steel shot—obtainable only through precision control of 
manufacturing processes, unsurpassed plant facilities and the 
know-how of specialists 

whose only business is the 

manufacture of steel shot. 

Tru-Steel sells and stays 

sold on the basis of test and 

comparison. Write us. 


Sold and recommended by 
Pangborn Corp. 
Hagerstown, Md. 


in the soaking pit and also to some 
extent during air heating. 
Commenting on the last few lines 
of Mr. Knox's letter we believe that 
mild steel will capture nitrogen when 
heated to the high-temperature aus- 
tenite region, if the steel contains 
high acid-soluble aluminum. It 
would be worth while to analyze 
the nitrogen contained as AIN in 
the steels used by Mr. Knox. 
B. R. NiyHawan 
Deputy Director 
National Metallurgical Laboratory 


CONSHOHOCKEN, Pa. 

The observance of Dr. Nijhawan 
that AIN needles are readily visible 
only when aluminum in steel is close 
to or above 0.38% is interesting but 
seems to preclude the possibility 
that the acicular phase appearing in 
the photomicrograph on p. 126 of 
the November 1955 issue of Metal 
Progress is AlN since the steel shown 
is a rimmed steel containing 0.017% 
acid-soluble aluminum. I have found 
a similar precipitate in aluminum 
semikilled steels containing about 
0.024% acid-soluble aluminum. 

Evidence that the needle-like con- 
stituent is iron nitride was provided 
by heating a microspecimen contain- 
ing the needles obtained from the 
torn edge of a capped steel bloom- 
ing mill slab for 40 min. at 1075° F. 
and water quenching. (See micro- 
structure in Fig. 1, p. 102.) As 
shown in Fig. 2, the needles dis- 
solve in the ferrite during heat treat- 
ment, a fact which is consistent with 
the known solubility of iron nitride 
in alpha iron. Aluminum nitride 
would probably dissolve only in 
gamma iron at temperatures above 
1900° F. 

It is probable that the apparent 
nitrogen pickup which I found in 
defective blooming mill slabs can be 
explained partially, and sometimes 
wholly, by the mechanism of auto- 
nitrification suggested by G. H. En- 
zian in the May 1956 issue of Metal 
Progress. If it is assumed that the 
ingot contained exposed blowholes 
while in the soaking pit, oxidation 
of the walls of these holes probably 
decreases the volume of metal be- 
tween them, thereby causing con- 
centration of nitrogen in the remain- 
ing surface metal. Narrowing of the 
spaces between blowholes and tear- 
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Olsen 


» 


600 grams 12,000 Ibs. 


Built-in XY Electronic Recorder plots load; load vs. extension using an ex- 
tensometer or load vs. time on a large strip chart. 


12 separate range capacities from 600 grams to 12,000 Ibs. Other ranges and 
machine capacities available. 


Instant change of ranges—even when specimen is under load. 


Crosshead speeds are variable from 0.05 to 20 inches per minute. 


Speeds are positive under load as well as no load. 


Complete Olsen line of instruments and accessories available, including high 
temperature furnaces. 


Meets and surpasses all ASTM and Federal specifications for accuracy. 


Available with dial indicator in addition to or in place of the recorder. 


In every respect, the Tinius Olsen XY ElecBmatic is the world's most versatile 
universal testing machine for your research program. 


Get the facts. Write today for further information. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 


2030 EASTON ROAD . WILLOW GROVE, PA. 


Testing and Balancing Machines 


| |. XY Elec matic 
| U.T. M. 
Tredemart 
| 
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Nitrogen... 


ing of the surface during hot rolling 
might exaggerate this effect. I have 
noticed that the nitride precipitation 
seems most intense in narrow slivers 
of metal isolated from the surround- 
ing steel by deep heavily oxidized 
cracks. On the other hand, an ingot 
with exposed blowholes, by virtue 
of its greatly increased surface area 
relative to that of a sound ingot, 


might be expected to absorb more 
nitrogen from the surrounding at- 
mosphere than a sound ingot. I still 
believe, on the basis of experiments 
reported in the November 1955 and 
May 1956 issues of Metal Progress, 
that such absorption does occur irre- 
spective of the aluminum content 
of the steel. 
Reep Knox, Jr. 
Research Metallurgist 
Alan Wood Steel Co. 


PLUNGER TIPS OF BERYLLIUM COPPER 


LAST 10 TIMES LONGER 


ON THIS ALUMINUM COLD DIE CASTING MACHINE 


The Ohio Die Casting Company, using 
a 2” diameter by 4” long “‘Beryico”’ 
beryllium copper tip to drive molten 
aluminum through a sleeve into die 
cavities, ran more than 51,000 cycles 
without a tip failure. 


The tip of beryllium copper, turned to 
an initial fit of 0.0005” clearance, and 
subjected to constant pounding of 150- 
160 cycles per hour and to tempera- 
ture extremes of 1200°F. aluminum 


and the effects of the water cooling 
system, operated without sticking or 
excessive wear. It was once used 
through an entire 8-hour shift without 
water cooling! 


The advantages of ““BeryLco” beryl- 


lium copper—thermal conductivity, 
wear resistance, and ductility —make it 
the ideal metal for use in plunger tips. 
For specifio details of this application, 
request Technical Bulletin #29. 


THE BERYLLIUM CORPORATION BERYLCO] 


Fig. 1 — Iron Nitride Precipitate 
Found in Blooming Mill Slab 


Fig. 2— Heating at 1075° F. 
Will Dissolve Iron Nitride 


More on Indian Research 


New York Crry 

I was surprised to read in the 
April issue of Metal Progress C. L. 
Mantell’s reaction to my article on 
metallurgical research in India. Ac- 
cording to Mr. Mantell, I had 
claimed that the National Metallur- 
gical Laboratory had developed new 
processes for the production of low- 
carbon ferrochromium, high-purity 
manganese dioxide and electrolytic 
manganese. No such claims were 
made. The exact statement was, 
“Among the processes developed to 
the stage of commercial exploitation 
are the production of low-carbon 
ferrochromium, manufacture of high- 
purity manganese dioxide and elec- 
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Mutter alloy wraps are joined by welding in the fabrication of aircraft cabin heaters. 


MULTIMET Alloy Wraps 
Absorb the Heat from a 3500 deg. F Flame 


Mutrimer alloy wraps are used to absorb the intense heat 


from burning aviation gasoline in aircraft cabin heaters. 
The spirally wrapped alloy sheet transfers the combustion 
heat to fresh ventilating air. Very thin sheet — only 0,025 
in. thick—does an excellent job here despite the high 
metal temperatures and the oxidizing conditions. 

Rigorous 1,000-hr. tests were conducted before MuLTIMET 
alloy was selected for this job. It has now been the standard 
material for seven years. The excellent high-temperature 


properties of the alloy made it possible for designers to use 


“Haynes” and Multimet’ 
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Chicago 


thin sections, which insure a light, compact heater, with ex- 
cellent heat-transfer efficiency. 

Mucrmert alloy is one of many Haynes high-temperature 
alloys for economical use over a wide range of operating 
conditions. It has given good service for engine manifolds, 
turbine blading, heat-treating equipment and many aircraft 
components, For a copy of a booklet describing Haynes 
high-temperature alloys, and for prices and sizes of 
Muttimer alloy, get in touch with the nearest Haynes 
Stellite Company office, 


HAYNES STELLITE COMPANY 
A Division of Union Carbide and Carbon Corporation 


General Offices and Works, Kokomo, Indiana 
Sates Offices 


+ Clevetand - Detroit - Houston - Los Angetes - New York « San Francisco - Tules 


are registered trade-marks of Union Carbide and Carbon Corporation. 
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% take the bottlenecks out of 
HEAT TREATING 


HEATPROOF—RUSTPROOF., all-metal 
belt provides controlled movement for 
continuous heating, cooling, washing. 


By combining movement with processing, Cambridge Woven 
Wire Conveyor Belts completely eliminate profit-stealing batch 
handling. Continuous, belt-to-belt flow through annealing and 
tempering furnaces, quenching and pickling baths, and wash 
sprays cuts costs and provides continuous uniform production. 


All-metal belt is corrosion resistant and impervious to heat 
damage at temperatures up to 2100°F. Open mesh construction 
allows heat and gases to circulate freely all around the work 
and provides rapid drainage of process solutions. Cambridge 
belts have no seams, lacers or fasteners to wear more rapidly 
than the body of the belt . . . no localized weakening. Cambridge 
Woven Wire Belts for heat treating are made in any size, mesh 
or weave, and from any metal or alloy. Special retaining edges 
or cross-mounted flights are available to hold your product 
during inclined movement. 


Call in your CAMBRIDGE FIELD ENGINEER to discuss how you can eliminate 
betch handling from your heat treating. Look under "BELTING, MECHANICAL” 
in your classified phone book. OR, write for your copy of Special Report, 
a "6 Ways to Increase Heat Treating Production” and 130-PAGE REFERENCE 
MANUAL giving mesh specifications, design information, metallurgical data. 


The Cambridge Wire Cloth Company /-0-/— 
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OFFICES IN PRINCIPAL INDUSTRIAL CITIES 


WOVEN WIRE CONVEYOR BELTS 


trolytic manganese 
digenous material.” I was frankly 
puzzled as to how Mr. Mantell ar- 
rived at his interpretation of this 
straightforward statement. Incident- 
ally, the only reference to new proc- 
esses was under the section on indus- 
trial laboratories and referred to 
research work on new processes and 
techniques in steelmaking. 

R. F. BunsHan 

Associate Engineering Scientist 
New York University 


Patent Office Needs 
Young Engineers 


New York Crry 

With the demand for young en- 
gineers in America being what it is, 
it may be idle to point out another 
place where they are sadly needed -- 
yet I will do so because of their lack 
in a certain place where American 
industry is facing long delays in 
products and processes otherwise 
ready for market. The number of 
patent applications is growing far 
faster than the number of patent 
examiners. 

The patent examiner thus holds a 
key position in the advancement of 
American technology. A hundred 
new men have been added to the 
examining staff of the U.S. Patent 
office and 300 more are wanted in 
1956. 

Patent examiners pass upon appli- 
cation for patents in a wide range 
of technical fields to determine 
whether they are novel and whether 
invention is involved. This calls for 
a study of the existing patent and 
related scientific literature. There 
are good opportunities for rapid ad- 
vancement, and to carry on graduate 
studies at the same time. 

Salaries for examiners start at 
$4345 a year and work up to $7570 
in five years. Eventually salaries of 
$13,000 are available. 

Engineers and scientists holding a 
college degree in engineering or 
applied science are eligible for ap- 
pointment without examination, up- 
on application to the Commissioner 
of Patents in Washington, D.C. 

Henry E. SHarre 
Vice-Chairman 
New York Patent Law Association 
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TRACK RECORD BROKEN 
AT CATERPILLAR! 


An epoch-making event in industry! 


E’RE talking about the 18 million track bush- 

ings that have been carburized at 1700” in 
pit type furnaces at Caterpillar Tractor Co., Peoria, 
Illinois. 


These original baskets are still operating at maximum 
capacity after FIVE YEARS of continuous use. Each 
basket shown above is 37” in diameter by 22” deep 
and when fully loaded contains over 11/2 tons of track 
bushings. The complete load of three baskets is in 
excess of 41/2 tons. 


Take note of these features: (1) uniform sections 
throughout (2) ratio of pay load to alloy weight is 
over 3.3 to 1. (3) simplified interlocking of baskets 
results in easy loading and unloading (4) basket 
grids designed to give uniform flow of carburizing gas 


through dense load (5) grids designed for reversi- 
bility. 


More notable is how the supplier and user cooperated 
to produce an end product which resulted in the low- 
est possible heat-hour-costs. 


Here is just another example of why ACCOLOY 
CASTINGS are “preferred by industry.” 


ALLOY ENGINEERING & CASTING CO. 


ALLOY CASTING CO. (Div.) 


Offices in principal cities 


CHAMPAIGN @ ILLINOIS 


ENGINEERS AND PRODUCERS OF HEAT AND CORROSION RESISTANT CASTINGS 
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5. C. Massari 
8. C, Massari @ has been appoint- 


ed director of research of the Na- 
tional Engineering Co., Chicago. 

A native of Chicago, Mr. Massari 
received his metallurgical education 
at Massachusetts Institute of Tech- 
nology. After graduation in 1924, he 
was placed in charge of quality con- 
trol of zine sheet and strip at the 
Illinois Zine Co., Peru, Ill. In 1926 
Mr. Massari became chief metallur- 
gist for the Association of Manufac- 
turers of Chilled Car Wheels, 
Chicago, and held this position until 
1942 when he was called to active 
duty in the U.S. Army. Serving in 
the Chicago Ordnance District, Mr. 
Massari was appointed chief of the 
tank-automotive branch and later re- 
ceived the Legion of Merit in recog- 
nition of his services. After release 
from the Army, he accepted the posi- 
tion of technical director of the 
American Foundrymen’s Society. 
Further recognition was awarded 
Mr. Massari in 1949 when he re- 
ceived the John H. Whiting Gold 
Medal “for outstanding contributions 
in the field of ferrous metallurgy”. In 
1953 he left the Society to become 
manager of the foundry division of 
Hansell-Eleock Co., Chicago, and 
held that position until joining the 
National Engineering Co. 

Last month Mr. Massari presented 
the Charles Edgar Hoyt lecture at 
the American Foundrymen’s Society 
Castings Congress and Show. 
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John G. Thompson 


On February 29, 1956, a large 
group of metallurgists, chemists and 
scientists met at Tilden Gardens in 
Washington, D. C., to honor a man 
who was in one person metallurgist, 
chemist and scientist. Many tele- 
grams were received from others who 
could be there only in spirit. The 
occasion was a testimonial luncheon 
to John G. Thompson @, who was 
retiring from his post of chief of 
the metallurgy division of the Na- 
tional Bureau of Standards after 
putting in more than 35 years in 
governmental service. 

Born in Eau Claire, Wis., Thomp- 
son received his doctorate in chem- 
istry from Cornell in 1921 and 
immediately joined the Bureau, and 
remained there with steadily rising 
responsibilities (except for a five-year 
stretch with the Fixed Nitrogen Lab- 
oratory working on the synthesis of 
ammonia). He succeeded the late 
Henry Rawdon as chief of the 
Bureau's metallurgy division in 1946. 

Much of his work in the 1930's 
centered on the production of 
99.99% pure iron, and involved such 
related problems as the slip casting 
of beryllia crucibles and the perfec- 
tion of the vacuum-fusion method for 
determining gases in metals. During 
World War II he supervised a group 
working on the metallurgy of uran 
ium (for which he received the War 
Department's award) and another 
group of studies on beryllium and 


beryllium-aluminum alloys for the 
War Metallurgy Committee. 

John Thompson has served many 
vears on the executive committee of 
the Washington Chapter, @, and was 
chairman in 1942-43. He has also 
been a member of several of the 
standing committees of the Ameri- 
can Society for Testing Materials, 
and of the Materials Advisory Board 
of the National Research Council. 
His future plans are unannounced, 
other than to take a breather and 
a look-around. 


Armand J. Andre @ has been 
named to the newly created position 
of assistant sales manager, southern 
division, E. F. Houghton & Co., Phil 
adelphia. Joining Houghton in 1939, 
Mr. Andre served as a representative 
in the Chicago sales division until 
his recent appointment. His head 
quarters are now in Charlotte, N. C. 


Claude Belleau @, formerly labor- 
atory supervisor at Sorel Industries, 
Ltd., Sorel, Que., is now research 
metallurgist for the Chrysler Corp., 
Detroit. 


Nicolas W. Baklanoff @ has re 
tired from Battelle Memorial Insti 
tute, Columbus, Ohio, and moved to 
Florida. However, Mr. Baklanoff is 
still retained by Battelle as a spe- 
cial consultant. 


Frederick W. Rys @, formerly as 
sistant manager of the Freyn Dept., 
Engineering and Construction Div., 
Koppers Co., Inc., Pittsburgh, has 
been elected vice-president of Kop- 
pers International, C. A. Mr. Rys is 
also manager of construction projects 
with Koppers International. John F. 
Black @ has replaced Mr. Rys as 
assistant manager of the Freyn Dept. 
Mr. Black’s previous position was 
manager of continuous casting sales 


with Koppers Co. 


George Bidigare @ was recently 
promoted from chief metallurgist, 
Packard Motor Car Co., Detroit, to 
director of manufacturing research, 
Studebaker-Packard Corp., Detroit. 


James H. Bly @ has joined the 
sales division of High Voltage Engi- 
neering Corp., Cambridge, Mass. 
Prior to this position, Mr. Bly was 
division manager of X-Ray, Inc., 
Detroit. 
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Look into 


Phosphor Bronze 


pays 
RAVENNA 


to use it! 


This Moen Single Handle Mixing Faucet 
contains an anchor disc and an anchor washer, 
both stamped out of Revere Phosphor Bronze 
Strip. These are small parts, but in a fine 
product such as this faucet, high quality metals 
must be used throughout. Here is a condensa- 
tion of the manufacturer's experience with the 
phosphor bronze: 

Anchor Disc: Standard punching speed 
maintained. No pre-straightening off the ar- 


bor for the automatic punching process. * No | 


excessive die wear. *Corners are sharp and 
clean; no de-burring needed. Natural mill 
finish is better than they could achieve by 
tumbling or burnishing. *High tin content 
means no lubrication is required; they call it 
“silent brass.” 

Anchor W asher: *Have not had a single 
surface failure. * Dry tumble to de-burr. «Good 
fatigue characteristics and no obvious signs of 
corrosion. 

Revere offers several types of phosphor 
bronze, each with slightly different character- 
istics. In addition to this alloy, Revere also sup- 
plies Ravenna with round and octagonal leaded 
brass tube and free-cutting brass rod, for use 
in various parts of the valve. We will be glad 
to collaborate with you on selection of just the 
right forms of the correct alloys for your 
products, present or projected. See the nearest 
Revere Sales Office. 


Moen Single Handle Mixing Faucet, made by Moen 
Valve Co., Division of Ravenna Metal Products 
Corp., 6518 Ravenna Ave., Seattle 15, Wash. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 


Mills: Baltimore, Md.; Brooklyn, N. Y.; Chicago, Clinton 

and Joliet, Ul; Detroit, Mich.; Los Angeles and Riverside, 

Calif., New Bedford, Mass., Newport, Ark.; Rome; N.Y. 
Sales Offices in Principal Cities, Distributors Everywhere 


“The Revere Four-Way Service” is a 16 
mm. sound motion picture in color, educa- 
tional and informative. If you haven't 
seen it, write nearest Revere Office. 
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Get UNIFORM QUENCH RESULTS 
with engineered agitation 


If you're considering violent turbulence 
for your quenching operations, we'd like 
to drop this reminder: 

Most of the people who use violent 
agitation in the quench bath do it with 
LIGHTNIN Mixers. 

And without exception, these men re- 
port good heat treating results. Greater 
uniformity of hardness, all over the part 
and from one part to the next. Greater 
depth of hardness, resulting in higher 
over-all tensile strength and toughness. 
No re-treats and rejects due to soft spots. 
No warpage or cracking. For some steels, 
better machinability. 

You can get LIGHTNIN Mixers for any 
type of immersion quenching, martem- 
pering, austempering; for use with any 
quenchant; any size, shape, and quantity 
of pieces, in new or existing tanks. 

For information on the number, size, 
type, and cost of LIGHTNINs you will need 
to get the results you want, just call your 
nearest LIGHTNIN representative (listed 
in Thomas’ Register) or write us today. 


Lohton 
Mix 


PERMANENT .. . Often 
used as a component of 
new quench tanks and 
heat treating furnaces. 
Sizes ‘4 to 3 HP. 


ok 


PORTABLE... These 
UGHTNINs fit existing 
tanks, and adjust easily 
to the best angle for uni- 
form turbulence. Thirty 
models; sizes Ve to 3 HP. 


SIDE ENTERING . . . For 
large quench tanks; sin- 
5 gle or multiple installa- 
tion. Sizes 1 to 25 HP. 


MIXING EQUIPMENT Co., Inc. 
171-— Mt. Read Bivd., Rochester 11, N. Y. 
In Canada: Greey Mixing Equipment, Lid., 100 Mirando Ave., Toronto 10, Ont. 


Personals . . . 


Robert K. Beck @ is executive 
vice-president and director of the 
Brush Beryllium Co., Cleveland. 
Prior to this Mr. Beck was president 
and director of the Apex Smelting 
Co., Chicago. 


Andrew Foulds, Jr. @ has left his 
position with American-Standard 
Research to become a metallurgical 
engineer in the reactor metallurgy 
department at Battelle Memorial In- 
stitute, Columbus, Ohio. 


Frank W. Schaller @ is now em- 
ployed as a research engineer in the 
physical metallurgy section of the 
metallurgical department, scientific 
laboratory division, the Ford Motor 
Co., Detroit. 


Charles Widstrand @, formerly 
section supervisor of the physical 
test section, Ford Aircraft, now 
heads the Meta-Pro Co. 


Herman S. Rosenbaum @ is em- 
ployed as a research assistant with 
the General Electric Research Labo- 
ratory, Schenectady. 


Paul T. Kelley @ has been pro- 
moted to chief process metallurgist 
for the Youngstown, Ohio, district of 
U. S. Steel Corp. 


Trevor Heard @ has organized his 
own company, Erin Technical Sales, 
Toronto, Ont., to promote _ brass 
forgings for use in oil, gas, refriger- 
ation and plumbing industries. 


William E. Taylor @ has been 
appointed chief engineer in the 
materials research department, semi- 
conductor products division, Moto- 
rola, Inc., Phoenix, Ariz. 


Peter J. Adzema @, formerly with 
Jones & Laughlin Steel Co., Pitts- 
burgh, is now on active duty with 
the U. S. Army. Mr. Adzema is sta- 
tioned at the Tokyo Ordnance 
Depot, Tokyo, Japan. 


K. L. Moazed @ is studying for 
his Ph.D. in metallurgy at Carnegie 
Institute of Technology. Mr. Moazed 
also holds the position of project 
engineer in the metals research labo- 
ratory there. Before coming to Car- 
negie Tech, he was a research assist- 
ant in the department of metallurgy 
at Rensselaer Polytechnic Institute 
where he received his master’s de- 
gree in February. 
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Sheffield Tube Corporation reports: Kemp Melting Pot 
melts 2,200 Ibs. of lead per hour, eliminates down-time 


The Sheffield Tube Corporation, New London, Conn., manu- 
factures tubes for toothpaste, cosmetics, drug specialties and 
similar products. Slugs for extruding are punched from thin 
lead sheets, which are rolled from moulded slabs. To melt large 
“pigs” for moulding these slabs, Sheffield formerly used three 
pots: two meltdown pots, feeding into a 1,276 Ib. capacity 
holding pot. This equipment has been replaced by one Kemp 
Immersion Melting Pot, capable of melting 2,200 Ibs. of lead 
per hour. 

Kemp boosts production . . . cuts down-time 
Formerly, one man produced about 500 slabs daily; dross for- 
mation had to be removed two or three times daily; and the 
pots were replaced after anywhere from 6 weeks to 6 months 
of operation. With the Kemp Melting Pot, two men now mould 


OF BALTIMORE 


about 1,400 slabs daily. During the first 5 weeks of service 
dross was not removed once—and except for an occasional 10- 
minute valve-cleaning job there was no down-time at all. 


Kemp can help you 


Whatever your application, it will pay you to investigate Kemp 
Melting Pots. You'll benefit in many ways: Kemp units are not 
subject to periodic and expensive breakdowns... offer greater 
heating surface, faster heat recovery, lower dross formation, 
lower room temperatures. Whatever your problem, Kemp units 
will help cut labor costs, eliminate lost time, increase output. 


Find out how Kemp engineers can provide the most profitable 
solution to your heating or melting problems. Write for Bulle- 
tin IE-10 today. 


IMMERSION MELTING POTS 


CARBURETORS BURNERS - FIRECHECKS ATMOSPHERE 
& INERT GAS GENERATORS ADSORPTIVE DRYERS 
SINGEING EQUIPMENT 


THE C. M. KEMP MFG. CO. 
405 fast Oliver Street, Baltimore 2, Marytend 


one KemP Melting pot reprace® enree: gaves 
+ ime » gas: sncrease® output - 
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Wilson Rockwell’ 
Hardness Testers 


Requires fewer 
operating steps... Because 


IT’S MOTORIZED 


© Here is the motorized operating 
procedure made possible by the new 
WILSON “Rockwell” Y Model Motorized 
Hardness Tester— 
1 Place specimen upon anvil or table. 
2 Elevate test piece into test position. 
(With the new Set-O-Matic Dial Gauge, 
the large pointer will then automatically 
point to zero.) 
3 Tap depressor bar to apply Major 
Load. When Major Load is fully applied, 
the Motorized Mechanism takes over— /, 
completes the test cycle—removes the 
Major Load. 
4 Read “Rockwell” Hardness Number. 
Then, lower elevating screw to remove 
test piece. 

For complete information about the 
WILSON Y Model, or any others of the 
complete line of WILson ‘‘Rockwell”’ 
Hardness Testers, write or call today. 
A WILSON hardness testing expert is 
available to consult on your specific 
requirement. *Trade mark registered 


Illuminated Dial Gauge 


(1) Affords clear and easy 

reading. Readings are easily 
taken wherever your “‘Rock- 
well’’ Tester is located— 
whatever the lighting condi- 
tions of the room. 
Indenter light (2) is directed 
towards the test area, making 
it easy to locate the exact area 
of test at all times. 


Set-0-Matic Dial Gauge 


The Set-O-Matic Dial 
Gauge increases the accu- 
racy of the test, makes the 
test cycle shorter and in- 
creases the number of read- 
ings obtainable within a 
definite period of time. 


agco Wilson Mechanical Instrument Division 
| AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N. Y. 


Personals . . . 


John B. Burnham, Jr., @ has 
joined the metallurgy department of 
the research staff, General Motors 
Corp., Detroit, as research associate 
in charge of research on nuclear 
fuels. Prior to this, Mr. Burnham was 
in charge of the metallurgy group 
at the materials testing reactor, 
Phillips Petroleum Co., Bartlesville, 
Okla. 


Thomas F. Conmy, Jr., @ is now 
a senior scientist assigned to the test 
reactor at the atomic power division, 
Westinghouse Electric Corp., Pitts- 
burgh. Mr. Conmy was formerly a 
metallurgist at the Corning Glass 
Works, Corning, N. Y. 


Robert B. Connell @, formerly 
district representative in Michigan 
for Babcock & Wilcox Co., has been 
appointed manager of sales for the 
central district of Titanium Metals 
Corp. of America, New York. Mr. 
Connell’s offices will be in Chicago. 


Robert B. Corbett @ has been 
named assistant to the president 
(technical) of the Heppenstall Co., 
Pittsburgh. An employee of the com- 
pany since 1945, Dr. Corbett was 
named director of research in 1952, 
and will continue to hold this posi- 
tion, in addition to his present ap- 
pointment. 


Theodore W. Daniels @ recently 
retired after 43 years as a roll maker. 
Since 1936, Mr. Daniels had been 
employed at the roll and machine 
works of the U. S. Steel Corp. in 
Canton where he last served as 
assistant general superintendent. 


Dillon Evers @ has been ap- 
pointed associate director of re- 
search, Mallory -Sharon Titanium 
Corp., Niles, Ohio. Dr. Evers was 
formerly associate professor of metal- 
lurgical engineering at Purdue Uni- 
versity and supervisor of the 
University’s physical metallurgical 
laboratories. 


Leslie V. Whiton @ has an- 
nounced the opening of an office in 
White Plains, N. Y., for consultation 
on the production and marketing of 
nonferrous metals. Before coming to 
the United States in 1955, Mr. 
Whiton was head of the metal sales 
development program for the Con- 
solidated Mining & Smelting Co. of 
Canada, Montreal, Que. 
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“'T'S BETTER iF IT CONTAINS MOLY" | 


Moly carburizing steels with 0.5% Mo area 
natural for components like this automotive 
ring-gear and pinion. They have outstanding 
properties that suit them to the demands of 
gearing and similar applications, such as, 
superior case hardness, low distortion and 
good machinability. Many features of these 
new carburizing steels are discussed in a 
recent technical article. For a reprint, write 
Climax Molybdenum Company, 500 Fifth Ave- 
nue, New York 36, N. Y., Dept. 5. 


| 


Molybdenum Carburizing Steels 


MOLYBDENUM OFFERS THE ECONOMICAL KEY TO PERFORMANCE 


Over the years, molybdenum carburizing steels have Production men know that moly steels are easy to 
proved their merits in scores of applications and at _ heat treat, easy to machine. 


every level of production. Management knows that moly steels mean economy 
Design engineers know moly steels for their uniform _ in fabrication, high performance in a wide range of 
hardenability, toughness and wear resistance. end products. 


Standard molybdenum carburizing steels are widely available. Higher moly 
analyses may be ordered in heat lots from a number of leading suppliers. 


carburizing @ Good machinability 


@ Geed 
resistance 


steels 


Copper alloys are traditional for 
friction bearings. There is at least one suitable for 
almost every kind of bearing application. 


The familiar leaded bearing bronzes are easy 
to machine, and the soft lead in the hard copper-tin 
matrix acts as a lubricant under severe conditions. 
Federated copper-tin alloys have high 
compression strength. Aluminum bronzes withstand 
exceptional loads, speeds and temperatures and 
stand up well in difficult sliding operations. 


Babbitts, which are bearing alloys having a tin or 
lead base, and which are bonded to a steel or 
bronze shell, offer good frictional properties, excellent 
running-in properties and good behavior where lubrication 
is poor or unreliable. Federated research has provided 
many improved babbitts for modern bearing service. 


If your problem is the design of a low-cost 
friction bearing, Federated may be able to give you 
valuable suggestions. Our metallurgists work with 
many kinds of non-ferrous metals, and they know how 
to alloy them correctly to obtain the specific 
physical characteristics you require. 


Mile 


DIVISION OF AMERICAN SMELTING AND REFINING COMPANY 
120 BROADWAY, NEW YORK 5, N. Y. 


in Canada: Federated Metals Canada, tid., Toronto and Montreal 


Aluminum, Anodes, Babbitts, Brass, Bronze, Die Casting Metals, Lead, Lead Products, Magnesium, Selders, Type Metals, Zinc Dust 


Personals . . . 


R. Buck Gray @, a recent gradu- 
ate of Pennsylvania State University, 
is now employed as a sales engineer 
in the Milwaukee, Wis., district sales 
office of the Aluminum Co. of 
America. 


John E. Decker @, formerly em- 
ployed by the U. S. Steel Corp. and 
National Forge & Ordnance Co., is 
night superintendent at Green River 
Steel Corp., Owensboro, Ky. 


Roger R. Turk @ is now a re- 
search metallurgist with North Amer- 
ican Aviation, Inc., Downey, Calif. 
Mr. Turk was formerly a metallurgist 
in the tungsten and chemical divi- 
sion of Sylvania Electric Products, 
Inc., Towanda, Pa. 
Thomas C. Junk @ has been trans- 


ferred from the heat treat depart- 
ment to the position of engineer in 


the manufacturing engineering sec- 
tion of the Sharon Transformer 
Plant, Westinghouse Electric Corp., 
Sharon, Pa. 


Jack L. Selk @, formerly a ma- 
terials and process engineer with 
North American Aviation, Inc., is 
now a materials and process engineer 
in a metallurgy group at the El 
Segundo plant of Douglas Aircraft 
Co., Ine. 


P. C. Mortenson @ is now chief 
engineer of mobile products at 
Vickers, Inc., Detroit. Mr. Mortenson 
was previously administrative engi- 
neer, Western Hemisphere Engineer- 
ing, Massey-Harris-Ferguson, Inc., 
Detroit. 


Stephen Foldes @ has left his po- 
sition as research metallurgist at the 
Beryllium Corp., Reading, Pa., and 
is now a metallurgist in the advance 
engineering group of the direct cur- 
rent motor and generator depart- 
ment, of the General Electric Co., 
Erie, Pa. 


Donald E. Coran @, formerly a 
research metallurgist for Rohr Air- 
craft Corp., San Diego, Calif., is now 
chief metallurgist for the Industrial 
Research Laboratories, Los Angeles. 


Edward E. Billinghurst @, recent 

_ recipient of a bachelor’s degree from 

Purdue University, is working in the 

metallurgy department of the La- 

fayette, Ind., plant of the Aluminum 
Co. of America. 
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WESTINGHOUSE SAVES $18,043 
with USS STEEL 


The Sunnyvale, California, plant of 
Westinghouse Electric Corporation 
builds unusual expansion bellows 
and huge wind tunnel air compres- 
sors. Steel bellows that flex, both up- 
and-down and sideways, form a 
means of effectively accommodating 
large thermal expansions between 
the compressor and the foundation. 
Westinghouse lopped an impressive 
$18,043 off the cost of these bellows 
by switching to USS “T-1”" Steel 
“T-1" costs less to machine. It 
costs less to weld. To top it off, ““T-1"” 


UNITED STATES STEEL CORPORATION, PITTSBURGH 


costs less to buy than the steel pre 
viously used. Yet it is plenty tough 
and strong enough to meet the rugged 
physical requirements 


NEW WAYS TO SAVE MONEY 


No other alloy steel can be used in 
so many ways to save money or im- 
prove products. Already—and “T-1" 
is still a relatively new steel—it has 


been used with great success in rotat 
ing machines, earth-moving equip 
ment, towers, pressure vessels, min 
ing machines, printing presses, and 


* COLUMBIA GENEVA STEEL DIVISION, SAN FRANCISCO - 
UNITED STATES STEEL SUPPLY DIVISION, WAREWOUSE DISTRIBUTORS, COAST.TO-COAST - 


other heavy-duty applications 

Think of USS “T-1" when you 
need very high tensile strength 
(105,000 psi.) and yield strength 
(90,000 psi. ) when you need good 
creep rupture strength at high tem 
peratures extraordinary tough 
ness at sub-zero temperatures re 
sistance to abrasion, impact, and 
abuse. All or any of these properties, 
plus good weldability, are yours in 
“T-1"! For information write to 
United States Steel, Room 5299, 
Pittsburgh 30, Pa 


A CUSHION OF STEEL. Here is one of 
the bellow systems that are used on 
large wind tunnel air compressors 
Two steel bellows at the top and at 
the bottom of the central cylindri 
cal section flex, both up-and-down 
and sideways, to provide a means 
of accommodating large thermal 
expansions for the huge compres 
sors. Tough, strong steel was 
needed for the bellows. USS “T-1 

does the job better and, at the same 
time, saves money for the Westing 
house Electric Corporation 


TEWWESSEE COAL & (ROW DIVISIOW, FAIRFIELD ALA 
UNITED STATES STEEL EXPORT COMPANY WEW YORK 


CONSTRUCTIONAL ALLOY STEEL Uss) 
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After about three days of heating, crane takes hot ingot to press. 


Preliminary forging. Secondary forging. 
Basic shape of forging is determined here. This is water wheel shaft for hydro-electric plant. 


4 
think forging is an art” 


says William C. Steele 


U. S. Steel Superintendent of Forging and Heat Treating 


Forging an ingot is somewhat like 
sculpturing a statue by means of sema 
phore signals that you give to a lurch- 
ing robot. Using only hand instructions, 
the forge shop pressman must blend the 
action of giant cranes, manipulator 
machines and the press itself. Working 
only with the immense, blunt dies of 
the press, he must knead the steel to 
develop its maximum strength, then 
squeeze it into the most intricate shapes, 
frequently to a quarter-inch tolerance 

Truly, this is an Art. 

At our Homestead Forgings Divi 
sion, William Steele has complete 
charge of the production floor where 
USS Quality Forgings are forged and 
heat treated. He has worked in the 


Division for 28 consecutive years, pro 
ducing such things as special armor 
plate, compound-curved wind tunnel 
parts, hollow sleeves, precision rolls and 
machinery parts so complicated that 
you'd never believe they could be forged 
from a monstrous ingot of solid steel 

If there is any secret to USS Quality 
Forgings, it lies in our combination 
of superior steel quality, the finest proc 
essing equipment, and most important: 
skillful, completely reliable men like 
William Steele 

Please address inquiries or requests 
for our free 32-page booklet on USS 
Quality Forgings to United States 
Steel, Room 5299, 525 William Penn 
Place, Pittsburgh 30, Pa 


USS QUALITY 
FORGINGS 


Heavy machinery parts—carbon, alloy, stainless 


Forged steel rolls and back-up roll sleeves 


Electrical and water wheel shafts 


Specialty forging of all types 


UNITED STATES STEEL 


Final inspection. Piece has been heat treated, machined and sub- 


jected to dozens of critical tests. Now, it's a USS Quality Forging 
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REFRACTORY CONCRETE iining this forge furnace is made with Lumnite 


cement. Furnace manutocturers— Champion Blower & forge Co. lLoncaster, 


Po 


Tough test for Refractory Concrete 


Forge furnaces are tough on refractories because of the 
extreme variations in temperature and thermal shock duc 
to rapid heating and cooling. Experience has shown that 
Refractory Concrete made with Lumnite* cement gives 
excellent service in forge furnaces —also in other furnaces 
of many types, both large and small. Refractory Concrete 
has demonstrated its durability under severe temperature 
and service conditions. With it you can easily place your 
own refractory installations, and service strength is reached 


within 24 hours. A convenient way to make Refractory 


Concrete is with castables. These are packaged mixes of 
Lumnite calcium-aluminate cement and selected aggre- 
gates designed for your specific job, prepared and distrib- 


uted by leading manufacturers of refractories. 


UNIVERSAL ATLAS CEMENT COMPANY 
UNITED STATES STEEL (es) CORPORATION SUBSIDIARY 


100 aVENUt, NEW Yoru 17, 

Albany Birmingham Boston Chicago Dayton Kansas City Milwaukee 
Minneapolis New York Philadelpa Pittsburgh St. Lows Waco 
*"LUMNITE” is the registered trade-mark of the calctum-aluminate 
cement manufactured by Universal Atlas Cement Company 


t22 


FOR INDUSTRIAL CONCRETES 
REFRACTORY + INSULATING + OVERNIGHT + CORROSION-RESISTANT 


United States Steel Hour—Televised on alternate Wednesdays—See your local newspaper for time and station 


, 


Now...protection 
against dust, dirt, 
and chipping! 


The new 


electrode 


end-caps! 


National Carbon’s new protective end-caps per- 

form a dual function. They screen out dust and 

dirt from electrode socket... protect against end-face 
chipping — two common causes of impaired electrical 
performance. They also give better visibility, quicker 
identification, easier handling and storage of graphite elec- 
trodes from 12-24 inch diameter. National Carbon’s new elec- 
trode sales and service program serves you in many ways: 


HERE'S HOW: 
Product Quality: Recognized as the industry’s highest. 


Technical Service: Largest, best qualified group of its kind... 
organized to extend the service function regularly furnished by 
field salesmen. Repeatedly, this service has recommended improve- 
ments in electrode operation...improvements which have resulted in 
more efficient power utilization, better joints and joining procedure, 
and attractive doilar savings for customers. 


Free Electrode Training Program: Conducted in your own plant or 
any other mutually convenient location. Streamlined demonstration program 
familiarizes your men with the important do’s and don’t’s of electrode usage. 


FOR ELECTRODES AND ELECTRODE SERVICE .. . RELY ON NATIONAL CARBON COMPANY 


The term “National” is a registered trade-mark of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY - A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 

Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco 
In Canada: Union Carbide Canada Limited, Toronto. 
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Personals 


Emest Grider @ is now attending 
the middle management training pro- 
gram at the Harvard Business 
School. After the completion of the 
program, Mr. Grider will return to 
his position at the Utica Drop Forge 
& Tool Corp., Utica, N. Y. 


Rennie J. Swope @, a recent grad 
uate of Michigan State College, has 
joined the research staff of the tech- 
nical center at General Motors Corp., 
Warren, Mich. 


J. Trotter Thompson @, formerly 
openhearth plant and contact metal 
lurgist with Follansbee Steel Corp., 
Follansbee, W. Va., is contact metal- 
lurgist at Newport Steel Corp., New 
port, Ky. 


William R. Miller @ was recently 
named district sales manager in 
Dayton, Ohio, for Universal-Cyclops 
Steel Corp. Mr. Miller was formerly 
with the Carpenter Steel Co. 


Nathan J. Hoffman @, a 1955 
graduate of the Colorado School of 
Mines, is now a research engineer 
in the materials and processes group 
of the Rocketdyne Division of North 
American Aviation, Inc. in‘ Los 


Angeles. 


Richard L. Ahez Ef rly 
STEELS TUBING and BARS* bid 


Inc., Tullahoma, Tenn., 
has joined the Lockheed Aircraft 
Corp., Marietta, Ga., as a materials 
and process engineer in the produc- 
tion engineering department. 


Write for current stock list. 


M. D. E. Robinson @ has been 
appointed manager, engineering 
service, western district, for Linde 
Air Products Co., division of Union 
Carbide of Canada, Ltd., Vancouver, 
B. C. P. R. Maitland @ has been 
named assistant district manager, 
western district, and has been trans- 
ferred to Edmonton, Alta. 


Andrew R. Walsh @, formerly 
senior forge shop metallurgist with 
the Wyman-Gordon Co., Worcester, 
Mass., is now metallurgist, high- 
temperature alloys, with the Vacuum 
Metals Corp., Syracuse, N.Y. 


Eldred Bogart @ has resigned as 

‘PETERSON STEELS, INC metallurgist at the Consolidated Vul- 

MION, NEW JERSEY tee Aircraft Corp., Fort Worth, Tex., 

ie and is now a metallurgical labora- 

tory engineer at Caterpillar Tractor 
Co., Peoria, Il. 
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knobs and nameplates help sell cars... 


SO 


CHRYSLER 


A 


suppliers 


chose 


Kux DIE CASTING MACHINES 


lo ged hardware gualdy casiiege 


Big Chrysler Corporation contracts for die-cast trim parts 


are held by the Trilex Corporation of Wayne, Michigan, 
and Ajax Manufacturing Corporation of Detroit. 

“The primary concern of the Chrysler Corporation 
is quality,” says Mr. John Airey of Trilex. “That's why we 
chose Kux machines; we know they produce hardware 
finish quality parts.” 

“But Chrysler considers price as well as quality,” 
said Mr. Milton K. Pitts of Ajax. “We choose Kux because 
they put us in a better position to compete on a cost-per- 
unit basis.” 


Whether your main concern is lower production costs, 
quality, or both, investigate the advantages of Kux ma- 
chines. Quality die castings economically produced often 
make a tremendous difference in price and salability, Kux, 
first name in die casting machines, can help make that dif 
ference for you! Write for our NEW illustrated catalog. 


MODEL BH-30 ILLUSTRATED 
Hydraulically operated goose neck plunger type 
die casting machine for production of zinc, lead 


of tin castings. 


K ux MACHINE €O. 6725 NORTH RIDGE AVENUE + CHICAGO 24, ILLINOIS 
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How about 


FURNACE ROLLERS 
HEAT TREATING TRAYS 
FURNACE SHAFTS 
ANNEALING BELTS 
RETORTS 

TUBING 


Which are 
Heat Resistant 


Corrosion Resistant 


Abrasion Resistant 


When ready to order, how about checking with us here at 
DURALOY? For more than thirty years we have 
specialized in high-alloy castings. In fact, we were 

among the first to produce static castings and the first 

to produce centrifugal castings. We are old hands at 
producing castings alloyed to fit each specific requirement 
and to finish them to any extent desired. 


Melt, castings and finishing are carefully controlled and 
quality tested by our staff of metallurgists, chemists, 
X-ray and gamma ray technicians. If you would like more 
preliminary information, send for Bulletin No. 3150-G. 


OFFICE AND PLANT Scottdale. Pa 
EASTERN OFFICE 1 
DETROIT OFFICE: 
CHICAGO OFPICE. 332 South Michigan Avenue 


THE DURALU COMPANY 


Personals . . . 


Kenneth M. Gleszer @ recently 
was appointed executive vice-presi- 
dent of Dixon Sintaloy, Inc., Stam- 
ford, Conn., a subsidiary of the 
Joseph Dixon Crucible Co. Mr. Gles- 
zer joined the company in 1952 as 
general manager of the powder metal 
division, and prior to that time was 
a consulting metallurgist in the field 
of powder metallurgy. Anthony J. 
Zino @, formerly sales manager for 
Dixon Sintaloy, was named vice- 
president in charge of sales. Mr. Zino 
joined the parent company in 1951 
as general sales manager and was 
transferred to the Stamford division 
two years later. 


F. M. Thomas @ is now manager 
of equipment development at the 
electronics division of Sylvania Elec- 
tric Products, Inc., Woburn, Mass. 
Previous to this, Mr. Thomas was 
manager of equipment engineering 
at Sylvania’s atomic energy division, 


Hicksville, N 
J. Gordon Parr @ has left the de- 


partment of mining and metallurgy 
at the University of British Columbia 
to become associate professor of 
metallurgy in the department of 
mining and metallurgy, University of 
Alberta, Edmonton. 


Harry W. Robert, Jr. @, formerly 
materials engineer at the aero divi- 
sion of Minneapolis-Honeywell Reg 
ulator Co., is now a metallurgist with 
Contour Saws, Inc., Des Plaines, Il. 


Edward F. O'Mara @ is now a 
metallographer in the metals division 
of the Utica Drop Forge and Tool 
Corp., Utica, N. Y. 


Edward P. Rowady @, recently 
discharged from the Army, has ac- 
cepted the position of project metal- 
lurgist with Eaton Mfg. Co., Detroit. 


Julius M. Simmons @ is now em- 
ployed in the nuclear engineering 
division of Ebasco Services, Inc., 
New York. Prior to his present posi- 
tion, Mr. Simmons was assistant 
director of metallurgy at the Argonne 
National Laboratory, Lemont, Ill. 


James O. McCaldin @, formerly 
senior engineer on the research staff 
of General Motors Corp., Detroit, 
is now research engineer at the semi- 
conductor division of Hughes Air- 
craft Co., Los Angeles. 
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SPRING BLOCK TYPE FOR SHORT 
TWAE CREEP RUPTURE TESTS. (Model 
CR). Available in 5 capacities, from 1000 
to 20,000 Ibs. Lood applied through dy- 


NEW 
MACHINES 


for better creep testing 


SPRING BLOCK TYPE MACHINE FOR 
AUTOMATIC CREEP RELAXATION 
TESTS. Model CX-04 (4,000 Ibs, 
capacity). 


namometer by motor-driven screw jack. 


LEVER TYPE FOR LONG-TIME CREEP TESTS. Model CL-20 (20,000 Ibs. capo- 
diy). Load applied by dead weights. Lever ratio of 40 to 1 means less lifting for 
operator. Automatic toke-up keeps lever arm horizontal os specimen elongates. 
Specimen fracture produces minimum shock since weights are maintained a fraction 
of an inch above base. Accuracy within 42% of load or 0.1% of capacity. 


Only from Baldwin can you get exactly the right machine 
for each type of creep test. All three Baldwins are built 
on the same basic frame, so you can “convert” your 
machine by changing the head and accessories. Every 
Baldwin creep testing machine has these advantages: 


« It's compact. Requires less floor space than any other 
creep machine. 


¢ Allinstrumentation is readable from front of machine. 


* Recorder can be mounted on machine or on central- 
ized panel board. 


* Improved furnace provides more even heat distri- 


ELECTRONICS & INSTRUMENTATION DIVISION 
BALDWIN-LIMA-HAMILTON 
DIVISIONS: Austin-Western * Eddystone Hamilton * Lime « 


* Spherically seated pull rods assure axial loading. 


¢ When specimen fails, shock to adjacent machines is 
minimized by new shock-absorbing base. 


* Machine requires no special foundation, and need 
not be bolted to the floor. 


* Performance-proven electric contact type extenso- 
meter gives best zero stability and widest range of 
magnifications. 


A new bulletin on Baldwin Creep Testing Machines is 
just off the press. Write Dept. 1524, Electronics & Instru- 
mentation Division, BLH Corporation, 806 Massachu- 
setts Avenue, Cambridge, Mass. 


Electronics & instrumentation « Loewy-Hydropress * Madsen * 
Pelton * Standard Steel Works 


| 
| 
bution. Overload protection prevents burn-out. 
| 


FINEST 


AUTOMATED 
BATCH-TYPE 


CONTROLLED ATMOSPHERE 


All the proven advantages of DOW’S top quality controlled atmos- 
phere, furnaces with built-in atmosphere generators . . . PLUS time 
saving automation in one compact, efficient package. 


This new furnace pre-conditions, loads and unloads the work cham- 
ber, quenches the charge and discharges the finished work without 
operator handling. 


No time loss, no guessing, no human error . . . every load identically 
processed and handled. 


Write for detailed literature. 


Fore” WITH 
MECHANIZED, BATCH- 
TYPE, CONTROLLED 


12045 Woodbine Ave., Detroit 28, Mich. ATMOSPHERE FURNACES 
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Phone: KEnwood 2-9100 


Personals . . . 


George H. Thurston @ has been 
appointed to represent the Duraloy 
Co., Scottdale, Pa., in sales and 
service for all California north of 
Los Angeles. Mr. Thurston is a con- 
sulting metallurgist and manufactur- 
ers’ representative on the West 
Coast. 


Colin G. Walcott @ has been 
named carbide service engineer in 
the Detroit district of Firth Sterling 
Inc., Pittsburgh. Prior to this posi- 
tion, Mr. Walcott was associated 
with the Buick Motor Div., General 
Motors Corp., Detroit, as supervisor 
of research and development in the 
metallurgical department. 


Van S. Wielosinski @ has resigned 
as director of metallurgy and assist- 
ant chief inspector of Willys Motors, 
Inc., Toledo, Ohio, to become chief 
metallurgist at New Process Gear 
Corp., Syracuse, N. Y. Mr. Wielosin- 
ski had been with Willys since 1942, 
and prior to that was associated with 
Carmegie-Illinois Steel Corp. 


John D. Wood @, formerly serv- 
ing in the U.S. Air Force in the 
materials laboratory at Wright Air 
Development Center, is now a metal- 
lurgist in the extrusion plant of the 
Kaiser Aluminum & Chemical Corp., 


Halethorpe, Md. 


Louis H. Winkler @ was presented 
with a Missouri Honor Award for 
Distinguished Service in Engineer- 
ing by the University of Missouri 
during the recent celebration of the 
centennial of the college of engi- 
neering of the University. A graduate 
of Missouri, Mr. Winkler has been 
metallurgical engineer at the Bethle- 
hem Steel Co., Bethlehem, Pa. for 
nearly 30 years. 


Carl Frederick Floe @ has been 
elected a director of Walworth Co.., 
New York. Dr. Floe is a professor of 
metallurgy and assistant provost at 
Massachusetts Institute of Tech- 
nology, and is a consultant on service 
behavior of metals and surface hard- 
ening of steel. 


James Freese @ has been named 
general production manager of all 
plants of the Timken Roller Bear- 
ing Co. Joining the company in 1929, 
Mr. Freese was assistant general 
production manager until his recent 
appointment. 
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GRANODIZE WITH GRANODINE” 
FOR THE FINISH THAT LASTS 


The sparkling and durable paint finishes needed for 
white goods require a suitably prepared base. Grano- 
dizing with Granodine produces such a base on steel. 
It converts metallic surfaces to a nonmetallic coating 
of the proper texture for inhibiting corrosion and 
greatly increasing the adhesion and durability of the 
paint finish. 


Investigate Granodizing with Granodine for your 
products. Write us for complete information. 


AMERICAN CHEMICAL PAINT COMPANY, Ambler 16, Pa. |prw-ar=s 


DETROIT, MICH. - ST. JOSEPH, MO. - WILES, CALIF. - WINDSOR, ONT: ACP 
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A call to any one of our seven warehouses will get you 
speedy service on your order... whether it’s for alloy steel 
bars, billets or forgings, in any size, shape or treatment 
you need, 


All seven warehouses are located in principal industrial 
areas. Each is modern and well-stocked, and staffed by 
expert metallurgists. 


Call now if you need our own HY-TEN steels — ‘‘the stand- 
ard steels of tomorrow’’, or standard AISI or SAE grades. 


Or write for free copies of Wheelock, Lovejoy Data 
Sheets. They contain complete technical information on 
grades, applications, physical properties, tests, heat 
treating, etc, 


¢) In Canada: Sanderson-Newbould, Ltd., Montreal and Toronto 


WHEELOCK, LOVEJOY & Company, INC. 


134 Sidney Street, Cambridge 39, Massachusetts 


Personals . . 


James H. Keeler @ recently was 
named as a liaison scientist in the 
metallurgy and ceramics department 
of the General Electric Research 
Laboratory, Schenectady, N. Y. A 
member of the research staff since 
1951, Dr. Keeler will be responsible 
for maintaining the flow of informa- 
tion between the research depart- 
ments of the Laboratory and operat- 
ing components of the General 
Electric Co. 


Ralph J. Kotfila @, sales engineer 
for Rem-Cru Titanium, Inc., - Mid- 
land, Pa., has been named to repre- 
sent the company in its new Chicago 
office. Mr. Kotfila joined Rem-Cru 
in 1954, after completing a tour of 
active duty with the U. S. Air Force. 
During his Air Force service, he was 
stationed at Wright Aeronautical 
Development Center in the materials 
laboratory. 


George A. Roberts @, vice presi- 
dent of technology of the Vanadium- 
Alloys Steel Co., Latrobe, Pa., has 
been elected to the board of directors 
of the company. Associated with 
Vanadium-Alloys since 1941, Dr. 
Roberts is also a director of Vana- 
dium-Alloys Steel of Canada, Ltd. 
He was president of the American 
Society for Metals during 1954-55 
and is currently head of the @ 
Foundation for Education and Re- 
search. 


Albert B. Gagnebin @ has been 
appointed manager of the nickel 
sales department of the International 
Nickel Co., Inc., New York. Associ- 
ated with the company since 1930, 
Mr. Gagnebin was assistant manager 
in the department prior to his recent 
appointment. Before joining the 
nickel sales department, he was in 
charge of the ductile iron section 
of the development and research 
division of Inco. Harold Larsen @ 
has been appointed assistant man- 
ager of the nickel sales department, 
filling the vacancy left by Mr. 
Gagnebin. A member of the depart- 
ment for 30 years, Mr. Larsen last 
held the position of assistant to the 
manager. 


Rudolph Spacek @ is now a tin 
mill metallurgist for Youngstown 
Sheet & Tube Co., East Chicago, 
Ind. Mr. Spacek was formerly with 
the American Can Co. 
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“Quenchol Demonstrator 
showed... They needed 
More Cooling Power to 

stop spotty hardness!” 


A large manufacturer of locking pins recently had a problem getting 
uniform high hardness on SAE 1074 steel. Hardnesses varied from 34 to 61 R, 
Hardness. Since this and other factors pointed to the competitive oil they were using, 
they asked Sinclair Representative Russell Smith for his evaluation. Mr. Smith reports: 


“Spotty hardness indicated that the oil being used lacked cooling power. A comparison 
test on the Sinclair Quenchol Demonstrator showed that this oil had a cooling power 
rating of 784... as compared with a rating of 1225 for gUENCHOL 521!” 


This test convinced them! 


Mr. Smith continues, “The Quenchol Demonstrator test results persuaded this 
manufacturer to install QUENCHOL 521 immediately. Now they are getting an increased 
and uniform hardness range of 59 to 65 R, Hardness. Moreover, with QUENCHOL 521 
working loads have been increased 67%, from 3 tons to 5 tons per quench, using 

the identical equipment and procedures! Needless to say, this manufacturer is very pleased 
with the cooling power and performance of QUENCHOL! 


Try a FREE Quenchol Demonstrator test on your present quenching oil. See how it 
compares with the amazing cooling power of QUENCHOL 521. Make arrangements through 
your local Sinclair Representative, or write to Sinclair Refining Company, Technical 
Service Division, 600 Fifth Avenue, New York 20, N. Y. Free literature is available, 
and there is no obligation. 


SINCLAIR 
METAL WORKING OILS 
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DEVELOPMENTS in APPLIED RADIATION EWERGY, its APPLICATIONS and the APPARATUS USED 10 PRODUCE IT 


THICKNESS RANGE 

X-RAYED IN A 
SINGLE 
SHOT 


Speeding production radiography of small castings having 


high nicke 


or cobalt content, the x-rays from a one-million-volt 


Van de Graaff permit clear observation of details in 1/32” and 
%” thicknesses in the same exposure. Heretofore, inspection of such 
castings has required two x-ray units having different penetration 


Typical precision castings-whose inspection is speeded 
by million-volt Von de Graaff radiography. 


characteristics so that 
each might be used for a 
specific region of the 
casting. But the balance 
of low- and high-energy 
components, inherent in 
the Van de Graaff con- 
stant-potential x-ray 
beam, makes possible a 


simplified, economical technique. Moreover, the radiographs obtainable 
with the Van de Graaff are easier to interpret than those made with 
lower-voltage x-rays because the large grain-size of the high-temper- 
ature alloys produces a diffraction pattern with lower-voltage x-rays. 


Other examples of advantages gained with the Van de Graaff 
are given in our 24-page Bulletin R, which also gives full information 
on the equipment and its installation. Write today for your free copy. 


VoLtaGe ENGINEERING CORPORATION 


UNIVERSITY ROAD CAMBRIDGE 38, MASSACHUSETTS 


Personals . . . 


R. B. Rich -) is now serving in the 
U.S. Army at Watertown Arsenal 
Ordnance Laboratory, Watertown, 
Mass. Prior to his induction, Pfc. 
Rich was employed by Revere Cop 
per and Brass, Inc., Baltimore, Md. 


Robert C. Anderson ©. formerly 
with the Nuclear Propulsion Dept., 
General Electric Co., Evendale, 
Ohio, has been appointed to the 
staff of the Y-12 Plant, Union Car- 
bide Nuclear Co., Oak Ridge, Tenn. 


Robert G. Carlson @ has been 
transferred from the research labo- 
ratory of General Electric Co., 
Schenectady, N.Y., to the refractory 
metals laboratory of the Lamp Wire 
and Phosphorus Dept. in Cleveland. 


C. Sheldon Roberts @ has accept- 
ed a position as physical metallurgist 
for the Shockley Semiconductors 
Laboratory, Mountain View, Calif. 
Mr. Roberts formerly was group 
leader in plastic deformation re 
search at the metallurgical labora- 
tory of the Dow Chemical Co., 
Midland, Mich. 


John E. Srawley @ has left the 
Arwood Precision Casting Corp. to 
become supervising metallurgist in 
the metallurgy division of the Naval 
Research Laboratory, Washington, 
D. C. 


Richard A. Dodd @ has been ap- 
pointed assistant professor of metal- 
lurgical engineering at the Univer- 
sity of Pennsylvania. Dr. Dodd came 
to North America in 1954 as a re 
search metallurgist with the Cana- 
dian Department of Mines and 
Technical Surveys. Prior to that time 
he was associated with universities 
in South Africa and England. 


Gordon T. Bedford @ recently 
joined Rem-Cru Titanium, Inc., Mid- 
land, Pa., as a sales engineer. Mr. 
Bedford was formerly associated 
with the Rustless Iron and Steel 
Corp., and Armco Steel Corp. 


M. L. Backstrom @ has been ap 
pointed assistant district sales man- 
ager for the Chicago district of Firth 
Sterling, Inc., Pittsburgh. Before 
joining Firth in 1948 as a carbide 
service engineer, Mr. Backstrom was 
associated with the Boss Engineering 


Co., Pittsburgh. 
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NEW! TYPE K-3 
UNIVERSAL POTENTIOMETER 


makes Precise Voltage Measurements 
easier than ever before 


¢ Scale reads directly in voltage 


¢ Guarded against humidity, static, leakage of any kind 


¢ “Thermal Free” circuit reduces voltage errors 


You take your readings Potentiometer the most advanced general pur 
directly from a central pose instrument available today. You will find it 
reading window ... no a worthy new addition to the Type K line 
more mental arithmetic originated some 50 years ago . the world’s 
in adding up dial set- most widely used precision potentiometers 
tings. You can use this Six pages of data are required to give you full 
unique instrument in hot, humid weather . . . in details. Ask for Data Sheet E-51(6); write your 
cold, dry weather . . . without worrying about nearest L&N Office or 4927 Stenton Avenue, Phila 
leakage or static. delphia 44, Pa. 
The many new design and construction features 
. metal case for electrostatic shielding .. . 
guarding of battery and detector circuits . . . en- Ni 
closed switches and slidewires . . . thermal free IN 
circuit construction . . . central reading window LEEDS NORTHRUP 
.. . make this Type K-3 Universal (Guarded) | 
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RCA ELECTRON MICROSCOPE 


Figure | shows the microstructure of a steel after it has been quenched at 500° F. The same 
specimen is shown in Figure 2 after reheating for one hour at 800° F. An original automotive 
point surface is shown in Figure 3; Figure 4 is the some surface after the binder hos broken 
down and free pigment particles have appeared, forming a whitish surface layer. 


In producing its great line of cars “with the forward look,” 
the Chrysler Corporation uses the RCA Electron Microscope 
to inspect many of the materials. These studies cover steel, 
paint finishes, rubber parts, metal powders, brake linings, 
and the extremely fine colloidal particles used for reinforc- 
ing fillers in plastics and rubber. 


The investigations, which are headed by Dr. D. M. Teague 
of the Chrysler Physical-Chemical Research Department, 
also have been broadened to include foundry smoke and 


the effect of wear upon metallic parts. 


RADIO CORPORATION 
of AMERICA 


More and more the use of the RCA Electron Microscope 
is becoming mandatory throughout industry for the 

high magnification and resolution it affords. Find out 
how the Electron Microscope can help you .. . to 
determine the structure of materials, control quality, 
cut costs, save time, accelerate development 


work. Installation supervision is supplied 
and contract service by the RCA Service 
Company is available, if desired. For 
complete information, write to Dept. 
F-72, Building 15-1, Radio Corporation 
of America, Camden, N. J. In Canada: 
RCA VICTOR Company Ltd., Montreal. 


Personals . . . 


Thomas D. Hayes @ has retired 
from the U. S. Steel Corp., Chicago, 
after 22 years of service. Before com- 
ing to U. S. Steel in 1934, Mr. Hayes 
was associated with the Republic 
Steel Corp., Timken Roller Bearing 
Co. and Dodge Bros. Corp. 


Clo. E. Armantrout @ has trans- 
ferred from the Bureau of Mines, 
Rolla, Mo., to the physical metal- 
lurgy branch of the Bureau in Al- 
bany, Ore. where he is in charge of 
fabrication and development work. 


Lester C. Hill @, formerly assist- 
ant sales manager of Vulcan Crucible 
Steel Co., Div. of the H. K. Porter 
Co., Inc., Aliquippa, Pa., has been 
appointed general sales manager. 
Prior to joining Vulcan Crucible in 
1953, Mr. Hill was a sales engineer 
with Crucible Steel Co. of America, 
Pittsburgh. 


William E. Lind @ is now man- 
ager of the newly formed truck, bus 
and transportation refrigeration divi- 
sion of Frigikar Corp., Dallas, Tex. 
Mr. Lind was formerly vice president 
and general manager of ARA Auto- 
motive Air Conditioning Co., Fort 
Worth, Tex. 


Thomas F, O'Brien @ recently was 
appointed sales engineer for the 
metals and fabrication division, Fan- 
steel Metallurgical Corp., North Chi- 
cago, Ill. Mr. O'Brien’s territory is 
in the east and his headquarters will 
be in Abington, Pa. 


James F. Reid @ has been named 
assistant director and chief of the 
ferro-alloys section of the iron and 
steel division of the Business Defense 
and Service Administration, U. S. 
Department of Commerce. Mr. Reid 
recently retired from the Timken 
Roller Bearing Co., Canton, Ohio, 
after 37 years with the company. 
At his retirement, he held the post 
of general production manager. 


Richard B. Connell @, a sales 
representative in the district sales 
office of the Sharon Steel Corp., 
Sharon, Pa., has been promoted to 
a new position in the customer serv 
ice department. 


R. E. Cutrell @ is now a metal- 
lurgical engineer at the Colorado 
Rocky Flats plant of the Dow Chem 
ical Co. 
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heat treating furnace 


The quench must be right, or the whole job is wrong 


Ask any heat treater. When you come to the 
quench, you can’t take chances. Expensive 
material, costly machining, painstaking heat 
treating can all be ruined if the quench goes 
wrong. All the work that went before de- 
pends upon this final step. If it 
the job is no good. 

Top heat treaters don’t risk costly process- 
ing on ordinary quenching oils. They know 
they can depend upon the uniformity, 
quenching speed and stability of Houghto- 
Quench. They know it’s just common sense 
to use the best quenching oil you can get. 


““misses’’ 


QUENCHING OILS...products oft 
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Houghto-Quench Oil gives you the fastest 
quench this side of water, and it's this speed 
that assures adequate hardness even for 
heavy sections and for steels in the low hard- 
enability range. Its complete ‘‘wet-out’’ as- 
sures you there will be no soft spots and less 
carry off. Houghto-Quench increases heat 
treating effectiveness, with lower cost per 
ton of steel quenched. 

Ask your Houghton Man to show you the 
superior performance of Houghto-Quench or 
write direct to E. F. Houghton & Co., 303 W. 
Lehigh Avenue, Philadelphia 33, Pa. 


Ready to ee you 
on-the-job service... 
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(Aluminum Surface Conversion Coating) 


DOES 


Here's a process that provides alumi- 
num with an ornamental, paint-grip- 
ping, corrosion-resistant coating.. 
does it faster and better! 

Turcoat 4178 works on the surface 
. that is, the coat- 
ing is partially derived from the metal 
itself, Thus, coating and metal are 
firmly interlocked ...even in tiniest 
crevices. The coating is a light golden 
color that imparts a special beauty 
when used for decorative purposes. 

One user reports that square footage 
processed has doubled since the install- 
ation of Turcoat 4178. Key to this 
speed is the manner in which the coat- 


conversion principle. 


ing “sets” and becomes non-smearing 
immediately, Drying is unnecessary. 
Parts can be further processed without 
any delay in production! Moreover, the 
coating is uniform. There are no light, 
tell-tale untreated sections around 
welds, corners or holes. 


rurco PRODUCTS, Inc. 
Chemical Processing Compounds 


Offices in all Principal Cities 


Manufactured in Canada by 8. W. Deane & Co., 


Fixes Immediately, Too 


The Turcoat 4178 Coating becomes non 
smearing immediately upon withdrawal from 
processing. Drying is unnecessary. Parts can 
be handled freely while still wet without 
danger of smearing or streaking coating. 


MEETS GOVERNMENT 
SPECIFICATION 
Meets Government 
Specification MIL-C 
5541. 


EASY TO CONTROL 
Simpler titrations... 
Great latitude in solu- 
tion strength. Elimi- 
nates need for con- 
stant complicated 
control. 


EASY TO USE 


Apply by immersion, 
—— spray washer or hand 
methods. Gold color 


gives visual control 
over processing. 


Please affix coupon to company letterhead. 
TURCO PRODUCTS, INC. 
6135 Central Ave., Los Angeles 1, Calif. 


Please send me detailed technical infor- 
mation on Turcoat 4178. 


Montreal 


Personals . 


D. E. Creek @ is now serving in 
the U. S. Navy aboard a Pearl Har- 


bor-based destroyer. 


Frank J. Worzala @, a recent 
recipient of a bachelor’s degree in 
metallurgical engineering from the 
University of Wisconsin, is now on 
rotational training at the Hanford 
atomic products operations of the 
General Electric Co., in Richland, 
Wash. 


John C. Bradley @ has retired 
after 48 years with the 
Brass Co., 


American 


Waterbury, Conn. 


Elliott H. Hollenback @ has been 
appointed chief metallurgist at the 
Johnstown, Pa., plant, Bethlehem 
Steel Co. Mr. Hollenback succeeds 
R. E. Penrod @ who has retired 
after 53 years of service to Bethle- 
hem and its predecessors. 


James D. Van Kirk @, formerly 
laboratory manager at the Magnaflux 
Corp., St. Louis, Mo., 
pointed field engineer. 

D. J. MacDonald @ has been 
named plant and production man- 


ager at Metals & Alloys, Ltd., Mon- 
treal, Que., 


has been ap- 


Canada. 


James A. McLaughlin @, a sales 
representative for E. F. Houghton 
& Co., Philadelphia, has been trans- 
ferred from the Chicago territory to 
Minnesota. Mr. McLaughlin has 
been with the company since 1952. 


George J. Mills @ has resigned as 
chief of research branch, metallurgy 
research laboratory, Frankford Arse- 
nal, Philadelphia. Dr. Mills’ new 
position is research specialist in the 
chemistry and physics section, Jet 
Propulsion Laboratory, 


Calif. 


Pasadena, 


Ross Hershey @ has been pro- 
moted from sales engineer in the 
Detroit office of Timken Roller Bear- 
ing Co., to district sales manager 
of Timken’s Buffalo district. Mr. 
Hershey joined the steel sales divi- 
sion of Timken in 1940. 


M. H. Binstock @, formerly sec- 
tion head at the atomic energy divi- 
sion of Sylvania Electric Products, 
Inc., Bayside, N. Y., is now an engi- 
neer specialist at the atomics inter- 
national division of North American 
Aviation, Canoga Park, Calif. 
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Carison specialized service 
keeps your costs low 


Here’s how Carlson specialized service in 
stainless plate worked on this job. 


The illustration shows one of two segments of 
a tank head blank. Made of 1” thick, Type 
302 stainless steel, the head blank measures 
210” in diameter and weighs approximately 
9000 pounds. Each segment was produced so 
accurately the customer did not have to “true 
up” the abrasive cut straight edges before 
welding the two segments together. This meant 
the customer had what he wanted, the way he 
wanted it — produced to his exact requirements. 


And here’s why you'll want this specialized 


can work to your advantage, too. You can 
buy exactly what your specifications call for 
and nothing more. This saves freight charges 
on material you cannot use. It also saves the 
cost and trouble of handling scrap in your 
shop. And you can set up a faster production 
schedule based on receiving what you want, 
when you want it. 


Stainless steel is our only business—and we 
know it! Let us show you how this specialized 
service can help you. Your inquiry will receive 
prompt attention. 


Carlson service. 7 
More than once we’ve helped a Heels 
customer do his job easier, quicker 
and at lower cost by efficient ? ARLSON 
planning and expert use of special- t7 INC. 
ized equipment. This experience 

THORNDALE, PENNSYLVANIA 
Plates - Plate Products + Forgings + Bars + Sheets (No. | Finish) 
District Sales Offices in Principal Cities 
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How Good Is Titanium? 


Digest of “The Application of 
a New Structural Index to Com- 
pare Titanium Alloys With 
Other Materials in Airframe 
Structures”, by L. R. Jackson 
and 8. A. Gordon, Titanium 
Metallurgical Laboratory Report 
No. 24 (Dec. 1, 1955) to Office 
of the Assistant Secretary of 
Defense for’ Research and De- 
velopment. 


HEN a new material is suggested 

for use in critical members of 
important machines or structures it 
must be appraised in terms of ex- 
perience with the conventional ma- 
terials in long and satisfactory use. 
When it comes to fuselages or large 
fuselage parts for ultrasonic aircraft 
operating at somewhat elevated tem- 
peratures, the problern becomes more 
difficult, because there is very little 
experience with such machines to 
draw upon, Prior to full-scale use the 
new material must of course first 
pass successfully the conventional 
acceptance tests for old-fashioned 
metals. Figure | shows how three 
titanium alloys compare at various 
temperatures on strength-weight 
basis, with some aluminum alloys, 
high-strength steels stainless 
steels. (“Strength”, in this connec- 
tion, means ultimate tensile strength 
tested at standard strain rates and 
other conditions.) It should be 
emphasized that this figure compares 
high-grade metal, and not joints 
working in tension, which in many 
instances leave much to be desired. 
However, in an airframe far less 
than half the members carry tensile 
stress. The most critical members in 
complicated structures are columns 
or sections bearing compressive 
stresses. Evaluation and design have 
previously been based on formulas 
which predict the buckling stress in 
the respective elements of the sec- 
tion, whereas the crippling strength 
should be the real criterion. This 
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Fig. 1 — Strength-Weight Comparison of Several Metals at Vari- 
ous Temperatures for Tensile Members in Aircraft Construction 
Ultimate tensile strengths at room temperatures are as follows: 


concept was developed in a paper 
which R. A, Needham published on 
“The Ultimate Strength of Aluminum 
Alloy Structural Shapes in Compres- 
sion” in the Journal of Aeronautical 
Sciences in April 1954, wherein he 
developed a formula applicable to 
“stiffeners” —the most important 
type of compression components in 
modern aircraft — relating the “Struc- 
tural index” of a wide variety of use- 
ful forms bent from 2024-T3 
(24S-T 3) aluminum alloy sheet to 
their crippling stress in compression, 
in turn computed from their dimen- 
sions and the yield stress of the ma- 
terial in compression (0.2% offset) 
and its elastic modulus. 

When buckling stress is plotted 
against structural index for these 


Aluminum 2024 S-T 64,000 psi. 


7075 S-T 74,000 
Stainless 301 (17-7) 155,000 
17-7 PH 174,000 
Alloy Steel 4130, 4140 188,000 
4340 188,000 
Titanium metal 100,000 
92 Ti, 8 Mn 120,000 
90 Ti, 6 Al, 4V 180,000 


stiffeners on log-log coordinates they 
fall on a straight line. Later tests by 
G. L. Gallaher for the National Ad- 
visory Committee for Aeronautics 
(Document Tn No. 1718) on ex- 
truded Z-sections of strong aluminum 
alloys fell on the same curve. 

Messrs. Jackson and Gordon be- 
lieve that this method has a wide 
applicability in comparing materials 
of construction for compression mem- 
bers when they find that similar 
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why are the wheel 


covers on your car 


Because nothing less than true stainless steel gives you the beauty 
that smiles at exposure . . . the strength that shrugs off years of 
highway hazards! Down where the going is roughest, stainless id 
wheel covers stay bright and unblemished despite destructive road 
chemicals, flying grit, cinders and gravel—proving the point that for 
every automotive application where timeproof, carefree brilliance 
is desired, stainless steel is the metal of choice. Look for it, everywhere! 


SUPERIOR STAINLESS STRIP STEEL 


“~ Superior Steel 


: 
bere 


Wyman-Gordon fuselage frame forging ready for quality 
inspection with Immerscope. Wyman-Gordon chooses the 
Curtiss-Wright test system to assure highest quality for parts 
which must later meet extreme stresses in fighter aircraft. 


CURTISS-WRIGHT IMMERSCOPE PROVES SOUNDNESS 
OF FORGINGS BEFORE SHIPMENT FOR WYMAN-GORDON 


Non-destructive, ultrasonic test equipment 
guards your reputation for quality 


An ultrasonic “search crystal” passed back and forth over a 
forging immersed in water “sees” through the metal, using 
electrical vibrations of up to several million cycles a second. 
Internal flaws are shown as “pips” — visible readings reported 
on the cathode ray of the precision Curtiss-Wright Immerscope. 
This ultrasonic detective sounds out variations from metal speci- 
fications . . . provides for thorough inspection before or after 
machining. Production is speeded, costs lowered. Customers 
receive quality controlled shipments every time. 


Put ultrasonics to work for you. Write for full details and 
engineering assistance to Industrial and Scientific Products 
Division, Curtiss-Wright, P.O. Box 270, Caldwell, N.J. 


New Curtiss-Wright Immerscope ( Model 424-A) 
protects quality of forgings, rolled plate, welded INDUSTRIAL AND SCIENTIFIC PRODUCTS DIVISION — 


tubing, extrusions and other metal products. 

Complete with controls for gate width and RTS ‘WRIGHT © 
depth, alarm trigger, and sensitivity time con- 

trol, 400 w, 110-120 v, 60 cycle. 16”x15”x21"". 

Operates at 2.25, 5, 10, 15 and 25 megacycles. CORPORATIQNM > CALOWELL, 
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Now! “SINGLE TRIP” 


R STANDOUT B& A PACKAGE 


CASES AND BOTTLES 


for Baker & Adamson “C. P.” Acids 


NO RETURNS! NO DEPOSITS! 
NO RECORD KEEPING! 
NO RETURN FREIGHT COSTS! 


Baker & Adamson offers an important, new 
development in packaging Sulfuric, Hydro- 
chloric and Acetic Acids, and Ammonia: 
no-deposit “Single Trip” shipping cases 
with non-returnable bottles! This special 
heavy duty case holds six five-pint bottles 
: eliminates deposits, record keeping, 
the trouble of making returns. 


Lighter Weight! Lower Freight Costs! 


The B&A case is made of double strength 
corrugated fiberboard, with bottles pro- 
tected by special ‘‘cushions.”’ Its tare 
weight is just 5 pounds, compared to 16 
pounds for returnable 9-bottle wood case 

. or just one half the tare per bottle. 
In addition, you can store 25% more acid 
in the same space with this case than with 
a wood case. The new bottles also weigh 
less... 32 ounces as compared to 42 ounces 
for returnable bottles. 

With this “Single Trip” unit, there are 
no return freight charges for you to pay, 
and incoming freight costs are less, too. 
For most users, the modest increased 
charge per unit on this case will be more 
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than offset by these direct freight savings 
as well as by reduced handling and ac- 
counting costs. 


Same High Quality! 

Same B&A Safe Handling Features! 
When you buy Baker & Adamson “C.P.” 
Acids in this “Single Trip” shipper, you 
get the same high Reagent A.C.S. quality, 
the same convenience and safe handling 
features as always. The new no-deposit 
bottles have the same color-coded caps 
and labels for easy identification, the same 
“pour-clean” lips for fast, accurate dis- 
pensing. 

Ready now for shipment from many of 
B&A’s producing and distributing points. 
For information on availability in your 
area, phone or write your nearest B&A 
office. 


SULFURIC ACID 


95.5-96.5%, Reagent, A.C.5 
(Sp. Gr. 1.84) 


HYDROCHLORIC ACID 


37-38% , Reagent, A.C.S 
(Sp. Gr. 1.18) 


ACETIC ACID 


Glacial, Reagent, A.C.S 


AMMONIUM HYDROXIDE 


Reagent, A.C.$ 


l 
(Sp. Gr. 0.90) CP. 


& ADAMSON 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, HM. Y. 
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YOUR 


FUTURE in 
ATOMIC POWER 


Atomic power, we feel, offers out- 
standing opportunity for an en- 
gineer or scientist to grow pro- 
fessionally. It’s new enough so 
that the work is challenging; still 
it’s well enough established so 
that a capable man can make 
real progress. 

If you are interested in a non- 
routine position that will use all 
of your education and experience, 
we suggest you investigate the 
future with the leader in Atomic 
Power, At Bettis Plant, there 
are select positions open for 
specially qualified: 


® PHYSICISTS 
® MATHEMATICIANS 
® METALLURGISTS 

® ENGINEERS 


Write for the booklet ‘’To- 
morrow's Opportunity TODAY” 
that describes opportunities in 
your field. Be sure to indicate 
your specific interests. 


Write: Mr. A. M. Johnston | 
Dept. A-53 
Westinghouse Bettis Plant 
P. 0. Box 1468 
Pittsburgh 30, Penna. 


BETTIS PLANT 
Westinghouse 


FIRST IN ATOMIC POWER 


Titanium . . . 


computations from tests at various 
temperatures on titanium alloy an- 
gles and stiffeners made by Convair 
in San Diego and Boeing in Seattle 
and plotted on log-log paper fall on 
straight lines of the same slope as 
the tests on standard aluminum alloys 
by Needham and Gallaher. From 
such data they have constructed 
Fig. 2 and 3 showing the crippling- 
stress-weight ratio for 7075-T6 


(75 S-T 6) aged 17-7 PH sheet, and 


titanium alloy sheet and extrusions. 
Figure 2 is for a rather low struc- 
tural index, whereas Fig. 3 is for 
“the highest practical value of struc- 
tural index”. 

The authors conclude: “On both 
of these comparisons all of the ti- 
tanium alloys illustrated have areas 
of usefulness. Futhermore, if material 
having the properties illustrated by 
the particular heat of 90 Ti, 6 Al, 
4V alloy becomes generally avail- 
able, a definite superiority is indi- 
cated at low structural indices. At 
the highest practical value of struc- 
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Fig. 2— Crippling Stress-Density Ratios at Various 
Temperatures for Stiffeners in Aircraft Construction 


1 — 7075-T 6 (75 S-T 6) Alclad sheet aged 


2—90 Ti, 6 Al, 4V extrusion 


3—C-110M Ti alloy sheet, Heats 30 and 31 
4—C-110M Ti alloy sheet, Heat 20 


5 — RC-130 B Ti alloy extrusion 


6 — 17-7 PH (17 Ni, 7 Cr, precipitation hardened stainless sheet) 
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Structural Index for 
Each Material 
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Fig. 3 — Crippling Stress-Density Ratios for Stiffen- 


ers Designed at Highest Practical Structural Index 
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Hi-Frequency 
Motor-Generator Sets 


First with Vertical MG Sets—TOCCO 


In 1943 TOCCO designed and built the first vertical motor-genera- 
tor sets for furnishing hi-frequency power for induction heating 
applications. Now with thirteen years of continuous production 
experience, we are far and away the world’s largest supplier of 
these units. 


Advarrtages of TOCCO Vertical MG Sets 


The large TOCCO vertical type motor generator set has numerous 
advantages over conventional horizontal type sets. Vertical con- 
struction permits the use of very large bearings and also minimizes 
_ the hazard of major damage to the set in the unlikely event of a 
Mii 4 bearing failure. Longer bearing life is achieved due to lower pres- 
sure and uniform loading of the bearings. Maintenance is greatly 
simplified because the rotor can be 
removed vertically with a simple hoist. 
Ami-vibration mountings between the 
base and the MG rotor-stator assem- 
bly practically eliminate vibration. 


“af 


HH] No special foundations are needed. 
— ~ Lastly, TOCCO’s vertical design cuts 
‘ necessary floor space to less than one- 


half the area required by horizontal 

| | Only Time-Tested 
Vertical MG Sets—TOCCO 


There are over a thousand TOCCO 
vertical MG sets in actual service 
TODAY—more than all competitive 
horizontal makes combined. Write 
us for descriptive bulletin giving full 


4 


TOCCO Vertical MG 
. sets are available in sizes 
details on the advantages and con- up to 350 KW and fre 


struction details of TOCCO Vertical quencies from 1000 to 


TOCCO bigh fre- 
quency motor gen- 


10,000 ¢.p.s 
erator set. 


MG Sets. 


THE OHIO CRANKSHAFT COMPANY Mail Coupon Today 


NEW FREE THE OHIO CRANKSHAFT CO. 
Dept. R-4, Cleveland 5, Obie 


Please send copy of “TOCCO High 
Frequency Motor-Generator Sets.” 


Name 
Position 


Address 


“N tht § Lik 
TOCCO’S VERTICA 
Pel 
| 
i 
a 
Typical rotor for 1 ge 1 
= 
| 
! 
y ‘ 
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Titanium .. . 


tural index the current available ti- 
tanium alloys do not have such out- 
standing properties, but the 6 Al, 
4 V alloy still has definite superiority. 
Before this superiority can be real- 
ized, at least two major hurdles must 
be overcome: 

“First, it will be necessary to de- 
velop means of producing alloys hav- 
ing properties equivalent to those in 
this heat in sheet form as well as in 


extruded shapes, and they must be 
capable of some fabrication. 

“The second hurdle arises from 
the fact that it is not easy to design 
or build airframe components having 
such high structural indices. It is en- 
tirely possible that to use the full 
capability of materials, some sort of 
sandwich will be in- 
volved. So far no practical method 
has been found to make large shapes 
of sandwich construction of a type 
that can operate at elevated tem- 


peratures.” 


construction 


Non-visible crack as 


detected on carbide tool. 


FAST, 


KIT 
Pius $1.00 for pack- 
only ing and 


shipping, 
shipped 
Add local sales or 
use tox, ifany. Prices 
apply in continental 


$3500 


S. only. Also 
available in bulk at 
low cost. 


Safety in maintenance, 
locates crack in crane hook. 


EASY, LOW COST 


V CONVENIENT, EASY TO USE 


Spotcheck —in pressurized spray cans. 


V MAKES THE JOB EASIER 


Detects cracks in tools, parts, machinery. 


V ENDS GUESSWORK ARGUMENTS 


Positively finds cracks, not scratches. 


V NO OTHER EQUIPMENT NEEDED 


No pumps, hoses, brushes, compressors. 


V PORTABLE—USE ANYWHERE 


Quick inspection in the field or plant. 


ORDER FROM YOUR DISTRIBUTOR 


MAGNAFLUX CORPORATION 7341 W. Ainslie Ave., Chicago 31, Illinois 
Quantity 

[[] Please send us___SK-1 Kit (s) at $35.00 each, plus $1.00 each, shipping and 
handling. Add local sales or use tax, if any. | 
([] Send only FREE illustrated Bulletin now. (] Send information on bulk materials. | 
City State | 


Applications of 
Investment Castings 


Digest of five papers pre- 
sented at the Investment Casting 
Conference of the Albuquerque 
Chapter of the American Society 
for Metals in April 1955. 


At THovcn the investment casting 

process has been used for cen- 
turies to make small intricate parts, 
it was not adapted successfully to 
mass production until World War II 
when forging capacity was not suffi- 
cient to meet the demand for turbine 
buckets for turbosuperchargers. 
Once the change from forgings to 
investment castings was made, pro- 
duction increased tremendously and 
one foundry alone cast over 2,000,- 
000 pieces in a single month. This 
increase in volume enabled foundries 
to invest in more experimentation 
so that costs have been reduced 
enough to make investment castings 
competitive in many commercial ap- 
plications to forgings, stampings, 
weldments and machined parts. The 
current state of the art was the sub- 
ject of the recent symposium con- 
ducted by the Albuquerque Chap- 
ter of the American Society for 
Metals. 


Improvements and Economics 


In the first of five papers pre- 
sented, C. G. Chisholm, Haynes Stel- 
lite Co., discussed “The Investment 
Casting Process and Its Field of Ap- 
plication”. Many improvements have 
been made during the last 15 years 
in equipment, materials and tech- 
niques but the essential steps in the 
process are unchanged. A split die is 
made with an internal cavity whose 
shape and dimensions are the same 
as those of the casting required with 
allowance for shrink and other proc- 
essing variables. Patterns are made 
with this die from wax, plastic or 
frozen mercury; if small, they are 
assembled with gates and risers into 
a cluster. If the casting is large, 
gates and riser patterns may be 
added after the pattern is removed 
from the die or may be built into 
the die. 

The cluster is dipped and some- 
times sprayed with a fine refractory 
suspension and then placed in a flask 
which is subsequently filled with the 
investment material, usually silica 
and ethyl silicate. The investment 
hardens by chemical action and the 


METAL PROGRESS 


| wan 
DYE PENETRANT INSPECTION 
| 
| 
132 


| This is the fifteenth of a series of advertisements dealing 
XV | with basi Though much of the 
information is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time 


facts about alloy steels 
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Boron and Its Effects 
in Alloy Steels 


Boron is a nonmetallic element of 
which this country has a plentiful 
supply. In its natural or unprocessed 
state it occurs only in combination, 
as in borax, etc. Pure boron is a 
gray, extremely hard solid with a 
melting point in excess of 4000 deg F. 

This element is used in steel for 
one purpose only—to increase hard- 
enability; that is, to increase the 
depth to which the steel will harden 
when quenched. Its effective use is 
limited to sections whose size and 
shape permit of liquid quenching. 
Only a few thousandths of 1 pct is 
ordinarily added, and boron steels 
are evaluated by increased hardena- 
bility rather than chemical content. 
A number of alloys, including several 
grades of ferroboron, are available 
for adding boron to steel. 

Boron intensifies the hardenabil- 
ity characteristics of other elements 
present in the steel. It makes pos- 
sible a considerable degree of alloy 
conservation when used with steels 
containing small amounts of alloy- 
ing elements. However, since it 
readily oxidizes at high tempera- 
tures, some steelmakers prefer a 
melt with relatively low boron con- 
tent and relatively high contents 
of other elements that protect the 
boron from oxidation. 

It should be noted that boron is 
very effective when used with low- 
carbon alloy steels; but its effect 
is reduced as the carbon increases. 


When the carbon content is above 


0.60 pet, the use of boron is not 
suggested, the exception being the 
“case’’ in those steels that are car- 
burized. 

Boron steels often require closer 
temperature control in heat-treat- 
ment than do some of the other 
alloy analyses; but aside from this 
they present no special problems. 
Their cold- and hot-working prop- 
erties are considered at least equal 
to those of ordinary alloy steels. In 
cases where boron makes possible 
a lower alloy content, improved ma- 
chinability frequently results. 

If you would like to know more 
about boron and its effects in alloy 
steels, you are invited to con- 
sult with Bethlehem’'s metallurgical 
staff. Our technicians will gladly 
give you all the information you 
need, and will work closely with you 
in every respect. And when it is time 
to replenish supplies of steel, re 
member that Bethlehem manufac- 
tures the full range of AISI standard 
alloy grades, as well as special 
analysis steels and all carbon grades. 


If you would like a reprint of this advertisement, or 
of the entire series from I through X V, please write 
to us, addressing your request to I’ ublications 
Dept., Bethlehem Steel Company, Bethlehem, Pa. | 


BETHLEHEM STEEL 
BETHLEHEM, PA 
On the Pacific Coast Bethlehem products 


are sold by Bethlehem Pacific Coast pt Eu 
5 


Steel Corporation. Export Distributor 
Bethlehem Steel Export 


COMPANY 


Corporation 


BETHLEHEM STEEL 
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you 
WOULDN'T 
WANT (mn 


For the simple reason that it wouldn't clean at all. sa}! 
Abrasive economy lies in a nice balance ae of I. long 
life, 2. cleaning efficiency, 3. low maintenance costs and 
4. speed. Permabrasive annealed iron shot and grit are 
engineered ~ hy ‘ to meet these requirements BETTER; 
made from chilled iron abrasives of proper composition, 

| we KNOW and you KNOW exactly what they 


can do. We'll guarantee a savings <9) over your pres- 


ent abrasive costs— 


in writing— _ . If we fail, we 


Z 


will give you a check to produce the guaranteed savings” 


y and a test won't upset your apple cart: e 


it is simple to make with the “electric timing device.” Ask 


about it. 
*10% in the case of Permabrasive, 15% in the case of Controlled 7 


WRITE FOR: C) “A Primer on the Use of Shot and Grit” 
“it's Triplets” (A Story of Palletizing) 
“Tired of Making Tests?" 


THE NATIONAL METAL ABRASIVE COMPANY 
Cleveland, Ohio 
THE WESTERN METAL ABRASIVES COMPANY 
Chicago Heights, Illinols 
SOLD EXCLUSIVELY BY 


HICKMAN, WILLIAMS & CO. 


(INCORPORATED) 
CHICAGO + DETROIT + CINCINNATI «+ ST. LOUIS + NEW YORK 
CLEVELAND «+ PHILADELPHIA ¢ PITTSBURGH + INDIANAPOLIS 


Investment Castings . . . 


assembly is charged in a furnace 
where the pattern material is melted 
or burned out and the emptied mold 
preheated for the casting. Careful 
control of the temperature of both 
mold and metal is necessary in order 
to get the best dimensional accuracy 
and mechanical properties. 

Factors which determine whether 
investment casting is the most eco- 
nomical method of producing a part 
include the over-all size and dimen- 


sional tolerances, surface finish re- 
quirements, properties of the metal 
and the shape, particularly at the 
edges. One of the most important 
reasons that investment casting is 
used for turbine buckets is the need 
for thin trailing edges which can only 


be obtained in castings by pouring 
in a hot mold. Another advantage of 
investment casting for this applica- 
tion is that parting is not necessary 
whereas it is required in other cast- 
ing methods. The design is such 
that dimensional tolerances could 
not be met in critical areas because 
of parting line variation. 

Mr. Chisholm showed a number 


of other components where invest- 
ment castings have replaced forg- 
ings, machined parts and weldments. 
One large field of usefulness is in 
production of small orders of parts 
for development purposes that may 
subsequently be produced by shell 
molding, sand casting, powder metal- 
lurgy or die casting. The tooling for 
investment casting is so often more 
economical than that for forging, 
stamping or screw machining that 
this process is most effective for de- 
velopment work. 


Design Factors 


A detailed analysis of other rea- 
sons for using investment castings 
was presented in “Design Factors 
Applicable to Precision Casting” by 
J. B. Price, Arwood Precision Cast- 
ing Corp. In his introduction he de- 
nounced the practice formerly used 
by a few foundries of making ridicu- 
lous promises about the precision 
obtainable with this process. Invest- 
ment casting is a precise method 
compared to other foundry tech- 
niques but is not precise as a tool- 
maker or machinist measures pre- 
cision. For steel castings dimensional 
tolerances can be held to within 
0.005 in. per in. with a minimum of 


METAL PROGRESS 


4 
4 Aye 
134 


J&L custom-made hot extruded 


cold drawn sections... 


boost production, cut over-all costs 


Progressive industry is today utilizing J&L’s Custom-Made, 
Hot Extruded Cold Drawn Steel Sections to: 


Eliminate time and costs in machining and finishing 
operations 


. Reduce scrap losses practically to the zero point 


Eliminate the cost of castings and forgings of intricate 
sections requiring considerable machining 


. Reduce inventories duc to quick availability of extruded 
sections from the J&L plant 


These sections can be extruded and cold drawn to the exact 
specifications of the parts you require — in any quantity you 
specify. Even the production of a single extrusion can be 
economical. Obtainable in a wide range of material grades, 
J&L Extruded Sections can be produced in a large variety 
of shape profiles — within limits of a design which can be 
inscribed within a two-inch circle. Many shapes that cannot 
be hot rolled are practical for the extrusion process. 

The mechanical properties of J&L Extruded Sections are 
equal to or superior to those obtainable from equivalent 
grades conventionally cold drawn. Cold drawn tolerances are 
accurately maintained. The excellent surfaces of these Ex- 
truded Sections require little — if any — finishing operations. 

Send us your inquiry for prompt and efficient J&L service. 
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Write today for your 
copy of this free new 
booklet which gives 
detailed information 
about the many 
money- and time- 
saving advantages 


STEEL J&L Extruded Sec- 
tions offer you. 


r 


Jones & Laughlin 


Jones & Laughlin Stee! Corporation 


3 Gateway Center, Dept. 405, Pittsburgh 30, Pa 
Please send me your new Booklet on Extruded Sections 


- 
4 row 
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STEEL CORPORATION: PITTSBURGH 
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| Tithe 
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Investment Castings . . . 


0.003 in. per in. That means that 
on a dimension of 0.6 in. or less, the 
tolerance is 0,003 in. per in. With 
dimensions over 6 in. the dimen- 
sional tolerance is not much better 
than that which can be obtained by 
good sand casting. For lower melt- 
ing alloys, accuracy may be in- 
creased by 20 to 40%. 

Surface finish is another property 


of investment casting for which ex- 
travagant claims have occasionally 
been made. For steel, 100 micro-in. 
is the usual value although found- 
ries prefer a specification of 125. 
For some castings, 80 #-in. is pos- 
sible. Secondary polishing operations 
are required for better finishes. 
Minimum wall thickness should be 
about 0.050 in., although for small 
areas, walls as thin as 0.030 in. may 
be cast. Large flat areas are difficult 
to cast because in such areas the 


{ 
if you use 


THIS MANUAL IS 
MEANT FOR You! 


That's the subject covered in detail by this new basic guide to 
more accurate temperature measurement. It gives complete 
specifications on these exclusive Hoskins alloys .. . clearly 
states the Accuracy Guarantee applicable to both thermocouple 
and lead wire grade material. It lists temperature-millivolt 


equivalents for Chromel vs Alumel ... explains standardization procedures, 
and tells how best to test “unknown” wires. What's more, it contains much 
useful application data to help you make more and better use of Chromel- 
Alumel thermocouples. Yes, if you're interested in accurately controlling 
temperatures, this manual is meant for you. Send for it today! 


Chromel-Alumel thermocouple alloys are produced exclusively by 


HOSKINS MANUFACTURING COMPANY 
4445 Lawton Avenue Detroit 8, Michigan TYler 5-2865 


dip coat tends to buckle away from 
the investment. The thickness of 
edges like the trailing edge of a 
turbine blade should be at least 
0.012 to 0.015 in. Threads can be 
cast if the fit is not critical. If the 
die is split through the thread, there 
will be an indication of the parting 
line which must be chased. 


Castability 


Although practically any metal 
can be cast, the yield of usable cast- 
ings varies considerably. The effects 
of the various factors that influence 
castability were outlined in “Invest- 
ment Casting Alloys” by W. A. 
Dubovick of Engineered Precision 
Casting Co. 

The ideal casting material would 
have all the following character- 
istics: good fluidity, low melting 
point, wide solidification range, no 
gas absorption, no detrimental sur- 
face decarburization, no hot short- 
ness, good chemical reproducibility 
and good as-cast surface finish. 
Metals that lack one or more of these 
desirable properties may also be cast 
but often it will be necessary to 
search for specialized foundries will- 
ing to accept orders for castings 
made from a difficult-to-cast alloy. 

Fluidity is extremely important 
for castings with thin sections, fine 
edges and sharp details, Fortunately, 
with the investment casting process, 
the flow of metal can be improved 
by increasing the temperature of 
mold so that the molten metal re- 
mains hot longer. Pressure, centrifu- 
gal and suction casting can also be 
used to help the flow of metal. 

If two or more alloys would be 
satisfactory for the service require- 
ments for a specific casting, the alloy 
with the lowest melting point will 
usually make the best castings. With 
a lower melting point alloy there is 
less chance of eroding, or washing, 
of the investment material or of de- 
fects due to volatilization of car- 
bonaceous residue from the pattern 
material. 

A wide solidification temperature 
range means that the casting can 
be fed for a longer period of time 
and there will be less likelihood of 
shrinkage porosity. Another kind of 
defect called gas porosity is due to 
too great a difference in solubility 
of gas between the molten and liquid 
states. The excess gas dissolved in 
the liquid metal is evolved and 
forms pores in the casting. This de- 
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fect is very pronounced in some 
aluminum and copper alloys. 

Fracture or tearing of a metal 
during solidification is called hot 
shortness. In steels, it is usually 
caused by excess sulphur which 
forms a weak grain-boundary eutec- 
tic that may crack under the stress 
of shrinkage. It is prevalent in high- 
nickel alloys and they are very dif- 
ficult to cast when heavy sections are 
connected to thin ones. 

Chemical reproducibility is af- 
fected most by the rate of oxidation 
or volatilization of the individual 
alloying elements. There is usually 
no loss during melting of such ele- 
ments as nickel, molybdenum, tung- 
sten and copper but there may be as 
much as 80% loss of titanium addi- 
tions and 50% of vanadium and 
columbium. Changes in composi- 
tion can also be caused by pickup of 
impurities or unwanted additions, 
For example, alloys melted in car- 
bon-are furnaces can pick up carbon 
faster than it is lost through oxida- 
tion and a very low limit on carbon 
content cannot be met with such 
furnaces. 

Poor surface finish can usually be 
attributed to some property of the 
metal like a high melting point. The 
exceptions are alloys which 
form oxides that have slagging re- 
actions with the investment. Man- 
ganese, for example, will react with 
silica in the investment to form a 
low-melting slag at the surface of 
the casting and cause slag pockets. 
Aluminum alloys, some of the cop- 
per-base alloys, cast iron, the 300 
series stainless steels and cobalt-base 
alloys usually have good as-cast sur- 
face finishes. 

Many of the difficulties associated 
with investment casting could be 
minimized if the foundry were al- 
lowed a wider range 
composition. 
cations are 


those 


of chemical 

Unfortunately specifi- 
too often based on the 
equivalent wrought alloys without 
regard to the differences between 
casting and rolling. The performance 
of a specific casting may be in- 
fluenced much mere by foundry 
variables than by slight changes in 
composition and often major compo- 
sition changes are necessary to obtain 
service in a cast part equivalent to 
one fabricated from wrought ma- 
terial. Whenever possible, 
specifications for casting alloys 
should be used. The Investment 
Casting Institute is now preparing 


standard 
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FABRICATED 


HOURLY COST 
EVIDENCE 
PILES UP... 


it pays WELL fo switch to NEU-POTS 


ROLOCK’S WELDED-FABRICATED NEUTRAL SALT POTS 


Occasional good “case histories” are fine . . . but here we have 
practically ALL the people who now use NEU-POTS reporting 
many times previous service life. For example: 

A screw manufacturer. Operating temperature, 1550° to 1600°, 
16 hours per day. Idling temperature, 1350° to 1400 
day. NEU-POT service, 5616 hours . 


A heat treating and brazing shop. Operating temperature, 1500 
to 1550°. NEU-POT service, 3300 hours with “no end in sight.” 
Cost to date, 13¢ per hour. 


, 8 hours per 
. . cost, less than 6¢ per hour. 


A stamping manufacturer. Previous average life of pots, 165 
hours at a cost of over 54¢ per hour. NEU-POT life on same job, 
already over 1000 hours at average hourly cost of 34!/,¢. 

There are, of course, some very good reasons for such success 
with NEU-POTS. Rolock methods and skills in welded fabrication 
of high heat-resistant alloys develop the full advantages of this 
type of construction, while solving previous tough problems such 
as joint leakage. Special X-ray inspection procedures on each indi- 
vidual pot before shipment furnish a positive extra safeguard. 

Because some neutral salt pot users are hard to convince . . . 
till they make their own tests . . . we give special attention to 
first orders. Why not send yours in today? 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work J 


Easier Operation, Lower Cost 
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The Lepel line of induction heat- 
ing units represents the most advanced 
/ thougnt in the field of electronics as well as 
the most practical and efficient source of heat yet 
developed for industrial heating. With a background of half 
a century of electrical and metallurgical experience, the name Lepel 

has become the symbol for quality in induction heating equipment 
embodying the highest standards of engineering achievement, dependable 
low cost operation and safety. 


if you are interested in the application of induction heating you are invited 

to send samples of the work with specifications of the operations to be 
‘ performed. Our engineers will process these samples and return the com- 
pleted job with full data and recommendations without any cost or obligation. 


TYPICAL INDUCTION HEATING APPLICATIONS 


A Lepel installation at Federal Tele- 
phone and Radio Co. shown sold- 
ering transformer terminals. A pre- 
cision operation made so simple that 
even unskilled operators can achieve 
excellent results on a production 
basis. 


The simultaneous soldering of a 
group of components within one 
load col is an ideal application 
for induction heating. The assem- 
blies consist of mounting studs and 
tubes inserted into a machined 
part together with preformed sold 
er rings. The heating is done so 
rapidly that there is practically 
no scaling of discoloration. 


Electronic Tube Generators—1 KW; 2)2KW; 
5 KW; 10 KW; 20 KW; 30 KW; 50 KW; 75 KW; 100 KW. 
Spark Gap Converters 2 KW; 4 KW; 7/2 KW; 15 KW; 30 KW. 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages packed 


with valuable information. 


ww 

ai”. = All Lepel equipment is certified 

| to comply with the requirements 
[tal ‘s = of the Federal Communications 
Commission. 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N.Y 


such specifications for the most 
popular alloys. 


Quality Control 


Control of quality of investment 
castings is a mutual problem of the 
producer and consumer and many 
difficulties have arisen because one 
has not fully understood the prob- 
lems of the other. In “Some Require- 
ments for Quality and Process Con- 
trol of Investment Castings”, Charles 
Yaker, Misco Precision Casting Co., 
outlined the best procedure to use 
to obtain the necessary quality of 
castings at the lowest cost. 

The first step is to reach agree- 
ment on the material specification, 
dimensional tolerances on both the 
sections that will be machined and 
those that will be used as cast, the 
surface finish requirements and 
methods of inspection. There is 
usually no difficulty with alloy 
specifications if a conventional cast- 
ing alloy is used; a problem does 
arise when the customer wants to 
change from a wrought form to an 
investment casting and use the same 
analysis. Usually the foundry will 
request a deviation of composition 
or suggest a substitute material that 
will have better castability and 
soundness. 

Requirements on dimensions and 
finish should be indicated on a blue- 
print submitted with the request for 
quotation, It may be necessary for 
the foundry to request some devia- 
tions because of their experience 
with similar parts or because of 
limitations of process. For example, 
each casting has to be gated and 
neither normal dimensional toler- 
ances nor surface finish can be main- 
tained in the area occupied by the 
gate. When the dimensions are ap- 
proved, the customer should check 
at least two sample castings before 
production begins to give final ap- 
proval of the master patterns and 
the dies to be used. 

The major hurdle in setting in- 
spection standards is the establish- 
ment of kind and number of sur- 
face defects to be permitted and 
their location. In turbine blades, 
the areas along the leading and trail- 
ing edges and the fillet intersection 
of the airfoil to the buttress platform 
are sections under high vibrational 
loads where any imperfections could 
originate a fatigue failure. There- 
fore, no imperfections like nicks, 
pits, cold shuts or grind marks, are 
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J-M BLAZECRETE 
cuts refractory 


maintenance costs... 


That’s why it pays you to use this hydraulic- 
setting refractory for temperatures to 3000F 


Blazecrete* materially reduces labor 
costs for refractory maintenance. This 
hydraulic-setting refractory saves time 
in building and repairing linings for 
high-temperature equipment. 


For troweling, just mix Blazecrete 
with water as you'd mix ordinary con- 
crete... then slap-trowel it in place. 
When gunned, it adheres readily with 
a minimum of rebound loss. Either way, 
Blazecrete goes on fast, without labo- 
rious ramming or tamping. And Blaze- 
crete linings /ast. 


Three types of hydraulic-setting Blaze- 
crete are available. All harden on air 
curing, do not require prefiring. They 
are furnished as a dry mix—can be 
stored safely for use as needed. 


3X BLAZECRETE—For temperatures 
through 3000F. Unusually effective for 
heavy patching, especially where brick- 
work is spalled or deeply eroded. Excel- 
lent for forge furnace linings, lime kilns, 
U.S. Pat. Of. 


Whether you gun it... 


or slap-trowel it... 


burner blocks, soaking pits, and indus- 
trial boilers. 


STANDARD BLAZECRETE—PFor tem- 
peratures through 2400F. Makes repair 
work easier and less costly. Can be used 
by boiler manufacturers to replace fire 
clay tile in wall construction. Suitable 
for use in combination with 3X Blaze- 
crete and L. W. Blazecrete. 

L, W. BLAZECRETE— For temperatures 
through 2000F. An insulating refractory 
. ++ light in weight, low in thermal con- 
ductivity. Adaptable and economical for 
magy other applications. 

Send for Brochure RC-28A on Blaze- 
crete and its companion material, Fire- 
crete*... the hydraulic-setting castable 
refractory for making 
special shapes and lin- / 
ings. Write Johns- / 
Manville, Box 60,New 
York 16, N.Y. In 
Canada, 199 Bay St., 
Toronto 1, Ontario. 


Johns-Manville BLAZECRETE 


BUILDS BETTER REFRACTORY LININGS 


Investment Castings . . . 


permitted. On the sections to be 
machined, imperfections can be 
present if they do not extend below 
the depth of the stock to be removed. 
Either X-ray or fluorescent pene- 
trant inspection or both are used to 
control nonvisual imperfections and 
the standards for acceptance should 
be set in advance. 

Mechanical properties are meas- 
ured on test bars cast at the same 
time as the castings. Sometimes 
every batch of castings must in- 
clude test bars; for less critical ap- 
plications, it may only be necessary 
to test the properties of the master 
melt for approval of all batches cast 
from it. The number of such tests 
should be specified in advance since 
excessive testing can increase the 
cost to an extent that the operation 
becomes uneconomical. 


Inspection 


Inspection methods are used to 
be sure that no casting that will fail 
prematurely is put in service. Un- 
fortunately disagreements often arise 
because of different interpretations 
of test results. This problem was 
discussed in “Nondestructive Inspec- 
tion Methods” by B. W. Duncan, 
Alloy Precision Casting Co. 

Radiographic standards are the 
most costly to maintain and the most 
frequently misunderstood. In most 
foundries, X-ray inspection is used 
to locate defects in initial foundry 
production in order to determine 
whatever gating and other revisions 
may be necessary before full produc- 
tion begins. Subsequent X-ray in- 
spection should be limited to spot 
checks to be sure that processing 
variables have been maintained con- 
stant. Inspection of each part is ex- 
pensive and it is not justified for 
most castings produced by reputable 
foundries. 

Standards are difficult to establish 
and should be based on the appear- 
ance of the radiograph of the worst 
looking part that will meet service 
requirements. Both the foundry and 
customer should have copies of films 
which show the size and location of 
acceptable and unacceptable de- 
fects and the interpretation of films 
should be assigned to an experienced 
radiographer or metallurgist. 

Magnaflux and penetrant inspec- 
tion methods are also most useful 
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@ And there will be even more stainless steel used on 
the cars of tomorrow. Designers know that automobile 
buyers are becoming increasingly conscious of the 
Wherever you look fact that stainless steel fights rust, pitting and 
road abrasion with much greater success than any other 
SS metal, Parts made of stainless stee] stay newer longer 
require far less elbow grease to maintain. 


there Ss ; 4g Unusual brightness of finish, plus the 


oe Wiz) consistent uniformity of every inch of 
: t every coil, are two big reasons why 
Sharon has always been a major 


sailline of stainless stee] to the automotive industry. 


This Sharon quality and familiarity with the industry's 
needs can be invaluable production assets to you. a 


SUARO@N STEEL CORPORATION Sham. 


DISTRICT SALES OFFICES, Curcaco, Davron, 
Rarun, Los Anwcetes, New Vous, 
Rochesre:, Saw Faancesco, Searriz, Mowrarat. Que. Tosowre, One 


| 
— 
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‘My tension 
Twas pulled this 
way and that! 


| metal problems and prescribing cures 
is a job for specialists. Riverside metallurgists are specialists. 
They have the solution to almost any non-ferrous alloy 
problem you can name—whether it’s tension or temper, 
fatigue resistance or surface finish. 


They are on call for consultation at any time. 


THE RIVERSIDE METAL COMPANY DIVISION 
H. K. PORTER COMPANY, INC. 


Riverside, New Jersey 

Philadelphia East Orange, N. J. « Rochester, N.Y. ke 
Hartford « Cleveland « Chicago « Detroit 

PHOSPHOR BRONZE AND NICKEL SILVER SHEET, STRIP, WIRE AND ROD 
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Investment Castings . . . 


for establishment of correct foundry 
practice and as a check on foundry 
control. They can give false indica- 
tions of defects and it is advisable 
to grind the surface lightly at such 
indications to be sure they are not 
caused by surface roughness. Unlike 
X-rays, these inspection tools will 
only reveal defects that are open to 
the surface. 

Nondestructive tests cannot by 
themselves predict the serviceability 
of an investment casting. They re- 
quire comparison with known ac- 
ceptable standards and good judg- 
ment by the inspector. Of even 
greater importance is the free ex- 
change of information between the 
foundry and the customer concern- 
ing the foundry variables which limit 
the quality obtainable in investment 
castings and the service conditions 
which set the lowest limits on the 
quality acceptable to the purchaser 
for a specific casting. 


Chromate Coatings for 
Magnesium Alloys 


Digest of “Electrolytic Coat- 
ings on Magnesium-Base Alloys 
From Alkaline Chromate Solu- 
tions”, by F. Ogburn, H. I. 
Salmon and M. L. Kronenberg, 
Plating, Vol. 42, March 1955, 
p. 271-274. 


HE LIGHT WEIGHT, low cost and 

ready availability of magnesium 
alloys would make them extremely 
desirable for many structural appli- 
cations if an inexpensive method of 
protecting them against corrosion 
could be devised. Protective finishes 
now used include two produced by 
electrolytic or anodizing processes; 
one uses a proprietary acid chromate 
solution and the other, called the 
HAE process, requires a solution of 
five different chemical compounds. 
Both of these finishing methods re- 
quire a relatively high-voltage power 
supply. 

Another electrolytic process cov- 
ered by a patent issued in 1943 was 
recently re-evaluated at the National 
Bureau of Standards and was found 
to have several important advantages 
providing that operating variables 
were properly controlled. Good pro- 


tective coatings could be produced 
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HIGH-TENSILE STEEL 


You can design light weight, longer life, and 
economy into your products by including N-A-x 
HIGH-TENSILE in your plans, 


© It is 50% stronger than mild steel. 

It is considerably more resistant to corrosion. 
It has greater paint adhesion with less under- 
coat corrosion. 

It has high fatigue life with great toughness. 

It has greater resistance to abrasion or wear. 
It is readily and easily welded by any process. 
It polishes to a high luster at minimum cost, 


And, with all these physical advantages over mild 
carbon steel, it can be cold formed as readily 
into the most difficult shaped stamping. 


When you next start to redesign, get the facts 
ON N-A-X HIGH-TENSILE, It’s produced by Great 
Lakes Steel — long recognized specialists in flat- 
rolled steel products. 


N-A-K Alley Division 


GREAT LAKES STEEL CORPORATION 


Ecorse, Detroit 29, Mich. . A Unit of 
NATIONAL STEEL CORPORATION 
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WE ASSEMBLED 
OUR OWN 
CUSTOMIZED 
CONVEYOR 


AS EASILY AS... 


WITH FRAN 


STANDARD COMPONENTS 


Through standardization, MAY-FRAN now makes it 
possible to.assemble mass produced components into 
virtually any type of conveyor to handle a wide range 
of products or materials. 


This program is cutting costs for manufacturers be- 
cause... it means they can dis-assemble their con- 
veyors for use in other plant locations . . . it means 
conveyors can be modified in almost any way at 
minimum cost. 

Pre-fabricated sections are available rapidly and inex- 
pensively. Straight sections . . . concave or convex 
sections ... take-up charge and discharge-end sections 
can be furnished to meet specific requirements of belt 
width as well as load bearing and volume capacities. 


ENGINEERING, INC. 
1704 Clarkstone Road 
Cleveland 12, Ohio 


Write today 
for complete 
information. 


Chromate Coatings . . 


from an aqueous solution containing 
only sodium or potassium hydroxide 
and the corresponding chromate. 
The voltage required is only 10 to 
12 v. a-c. in comparison to about 
100 v. used in the other two anodiz- 
ing treatments. 

Since alternating current is used, 
the coating is formed on both elec- 
trodes. With a current density of 
80 to 140 amp. per sq.ft. and solu- 
tion temperature of 150 to 170° F., 
a coating 0.001 to 0.002 in. thick is 
formed in 20 to 40 min. on each 
electrode. The coating is smooth 
and hard but not as uniform as 
either the acid chromate or HAE 
finish. In salt spray exposure tests 
the alkaline chromate treatment was 
about as protective as HAE coating 
and considerably superior to the acid 
chromate treatment. In a 12-day 
exposure test, the average number 
of corrosion spots was 6, 9 and 49 
for the alkaline chromate, HAE and 
acid chromate coatings, respectively. 
For longer periods of exposure, dif- 
ferences between the protective 
value of the alkaline chromate and 
HAE finishes were less distinct. 

For good protection against salt 
spray corrosion, both current den- 
sity and temperature must be con- 
trolled carefully. Variations in cur- 
rent density between 80 and 140 
amp. per sq.ft. have little effect but 
lower densities produce coatings 
with inferior protective value. In- 
creasing the temperature of the bath 


‘above that required for complete 


coverage also reduces the corrosion 
resistance of the coating. As the 
time of electrolysis is increased up 
to about 30 min., at which time the 
coating is about 0.0016 in., corro- 
sion resistance improves. Longer 
times have only a minor effect on 
corrosion protection and after pe- 
riods longer than about 60 min., the 
coating flakes off in the bath. 

As part of the investigation, sev- 
eral organic coatings were tested for 
adhesion to the chromate coating. 
The adhesion was satisfactory if the 
specimens were not subjected to 
bending or flexing. When the panels 
were bent, loss of adhesion occurred 
on coatings 0.0005 in. or more in 
thickness because of the failure of 
the electrodeposited coating. How- 
ever, the adhesion is satisfactory on 
thinner coatings. 
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Metal Progress 


The Buyers Guide 
For Metals Engineers 


| F N 5 | | Kut HOW OFTEN SHOULD TESTING 
EQUIPMENT BE CALIBRATED? 
Patent Pending ...» frequently, to maintain true dependa- 


Accurate tensile specimens machined bility. To achieve the ultimate in reliability, 
from .002”-.125" ferrous & non fer- 


rous sheet in less than three minutes! 


many manufacturers insist on periodic check - 
ing with Morehouse Proving Rings 


These precision instruments are sensitive to 
within .00001 inch keep your equipment 
at “razor edge" accuracy. Their calibrating 
range is from 50 to 300,000 Ibs. Certified 
by the National Bureau of Standards. Write 
for new, illustrated brochure 


TENSILM AR Also investigate Morehouse Ring MOREHOUSE MACHINE COMPANY 
of = Dynamometers, Weighing and "World Leader in Precision Calibration” 


S I E B [ RG I N DI S T R | E S Calibrating Systems 233 West Market Street «+ York, Pennsylvania 
HORSE PLAIN ROAD @ WNEW BRITAIN, CONN. 


LIST NO. 131 ON INFO-C JPON PAGE 52 


@STANDARD BRINELL TESTS 


© STANDARD VICKERS TESTS ULTR ASONICS VIDIGAGE® 
WITH 21” Cathode-Roy Tube; 
0 T accurate | 005” and 2.5”; 


Accuracies from 0.1% to 1.0%, 


of the Indentations 

PORTABLE THICKNESS GAGES 

, Investigate the GRIES Bottery Operated, wide thickness range, 

REFLEX Machines with Mode! 0 and to 12”; Medel So, 0.040” to 12” 
S Carl Zeiss automatic SONOGEN® 


projection system ULTRASONIC-POWER GENERATORS 
; for fast, thorough mete! washing ond de greasing, 
Write for bulletin Oviputs from 100 Wotts to 25 KW 


No. A-14 RAN SON 


GRIES INDUSTRIES, INC. dueti 

Testing Machines Division ime. prody 

NEW ROCHELLE 3,N Y 
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SOLVED with 


MAGNETIC ANALYSIS 
MULTI-METHOD EQUIPMENT 


Electronic Equipment for non-destruc- 


tive producti tion of steel bors, 
wire rod, ond tubing for mechanical 
faults, variati in posit ond 


physical properties. Average inspection 
speed 120 ft. per minute. 

Over 50 steel mills and fabricators 
ore now using this equipment. 


MAGNETIC ANALYSIS 
SPECIAL EQUIPMENT 


Electronic Equipment for non-destruc- 
tive production inspection of non-mag- 
netic stainless steel bars, and both 
seamless and welded tubing for mechan- 
ical faults, and for variations in compo- 
sition and physical properties. Average 
inspection speed 200 ft. per minute. 


MAGNETIC ANALYSIS 
DEMAGNETIZERS 

Electrical Equipment for rapid and 
efficient demagnetizing of steel bars 
and tubing. When used with Magnetic 
Analysis Multi-Method Equipment, in- 
spection and demagnetizing con be 
done in a single operation. 


MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 


Electronic Instruments for production 
sorting both ferrous and non-ferrous 
materials and parts for variation in 
composition, structure and thickness of 
sheet and plating. 


MAGNETIC ANALYSIS 
MAGNETISM DETECTORS 
inexpensive pocket meters for indi- 


cating residual magnetism in ferrous 
moterials and ports. 


For Details Write: 
MAGNETIC ANALYSIS CORP. 
42-44 Twellth $t., Long Island City 1, Y. 

“THE TEST TELLS” 


LIST NO 
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LABORATORY 
CAN MAKE 


ABRASION 
RESISTANCE 
TESTS 


with the TABER ABRASER 


Simulates ACTUAL abrasion and wear 
conditions during test and gives AC- 
CURATE numerical index for your report. 
Recognized the world over as the STAND- 
ARD for testing metals and metal finishes. 
The Abraser is now available in the NEW 
portable type Model 140-PT, illustrated 
above 


TABER STIFFNESS TESTER 


Determines both stifiness 
and resilience of sheet 
ond wire specimens and 
gives report from Ol- 
RECT READING. No cal- 
culations! 
Write for 

Illustrated Literature 


INSTRUMENT on 
SECTION 190 
111 Goundry St .N Tenewenda, N.Y 


LIST NO. 107 ON INFO-COUPON PAGE 152 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 


freehand or mounted on 


bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 


3 N INF UPON PA 


Applies 1 to 10,000 gram loads 
Write for Bulletin 


Kent Cliff Laboratories Div. 
The Torsion Bal Company 
CLIFTON NEW JERSEY 


LIST NO, 53 ON INF PON PAGE 152 


Metal Progress is now 
in its fourth year as 
one of our clients 


The Eastman Editorial Research Service is a 
critical and advisory service to publishers 
for the sole purpose of developing and main- 
taining better readership. 


Exclusive to one publication in a field. 


Use of the Eastman service by Metal Progress 
is an implied guarantee to its readers of 
continuing editorial progress. 


The Eastman Research Organization 
500 5th Avenue © New York 36, N. Y. 


BARBER 


Impressor 


for quick, on-the-spot hardness testing 
of non-ferrous metals and plastics 


Simple to operate . . . gives an instant, depend- 
able measure of hardne Operates on principle 
of torcir 4 Spring loaded indenter into the sur 
face with the amount of penetration regmecring 
on a dial indicator. Can be used in any position 

tamper proot compact rugged, yer 


weighs only 12 oz. Thou sands used by industry, 
Write today for complete details 


Barber-Colman Company 


Dept. A, 1218 Rock St., Rockford, Illinois 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


LIST NO. 74 ON IN 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 


STAR STAINLESS SCREW Co. 


3 tee 44647 Union Bivd., Paterson 2, N. J 
Telephone: Little Falls 4.2300 
mee Direct NEW YORK Tele. WI 7-904! 
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A CABLE SPLICED 
in 10 SECONDS! | 


ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 
2070 E. Gist Place, Cleveland 3, Ohio 


Write for Caddy Catalog 


QUEOUS SYSTEM 
Grade “C-W-25" 


Non- flammable 
Non-toxic 

Aqueous Oily Film 
Protects Ferrous Parts 
for long Periods 
Indoor Storage 


Write for free sample and Seoghers 
Specify Grade ‘'C-W-2 


ODUCTION SPECIALTIES, INC. 


755 BOYLSTON STREET 
BOSTON 16, MASS 


LIS 


METAL PROGRESS 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
Nickel content 
held to 35% min 
imum — 36% 


maximum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock 
Only finish oper 

ations required 

ore reaming small 

dia. of counter 

bored hole and = 
drilling and tap 

ping for set screw 


Automatic Welding... 


All Analyses 


Coated, Straightened 
Cut Coiled and Spooled 


£ 
= 
=) 
= 
<= 
= 
c 
= 
<= 
a 


. His yeors of experience and leadership 


lectrode.. 


= 


in providing the correct— 
Stainless and Heat Resistant Arc Welding Electrodes 


—place a trusted guarantee back of your welding operations. 


LIST NO. 71 ON INF PON d q 
WRITE, WIRE or PHONE - 3 
| Today Rint? 
cm | \ Y 
ENGINEERED » 
co. 
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BRIGHT GOLD 


‘without seratch 
brushing or. 
buffing! 


LIST NO, 108 ON INFO-COUPON PAGE 152 


BRICHT GOLD PROCESS 


AQUEOUS SYSTEMS 
Grade "B" 


FOR INDUSTRIAL and METAL PROCESSING 
Eliminates . . . 
DECORATIVE USES Rust 
L. Exceptionally hard deposits — twice us 
the hardness of conventional Fire Hazards 
gold plating. Ti 
2. Operates at room temperature — re- oxicity a 
quires absolute minimum control. Dermatitis 


3. Excellent metal distribution and 
“throwing power.” 


SEL-REX PRECIOUS METALS, INC. 
Dept. BB, 229 Main Street 
Belleville 9, N. J. 


Degreasing 
Write for free semple and brochure 
Specify Grade 


RODUCTION SPECIALTIES, INC. 
755 BOYLSTON STREET 
BOSTON 16, MASS 


Abrasive Wheels — Cut-off Wheels 
Finishing Wheels—Diamond Wheels 


Custom-made for your specific 
material removal problems 


Foundry Snagging—Billet 
Surfacing—Centerless Grinding 
Cutting and Surfacing concrete 

granite, and marble 

"Moldises” for rotary sanders 

Grinding and Finishing 
stainless steel welds 
Bearing Race Grindiug 
and Finishing 
Finishing Tools and Cutlery 
Cutting-off—Wet or Dry Bars, Tub- 
ing, Structurals, etc. Foundry Cutting 
—standerd and reinforced wheels 


Grinding Carbide Tipped Tools 


Write to Abrasive Wheel Department 


Raybestos-Manhattan, Inc. 


MANHATTAN RUBBER P 
92 TOWNSEND ST. © PASSAIC, 
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MANHATTAN 


LIST NO, | ON INFO-COUPON PAGE 152 


A FULL LINE OF MIXERS “SILVERCOTE”'® 
For Your Quenching Operations 


Sturdy, dependable units for FA B E R Y L LI U i 
any size or shape, new or ex- 

isting quench tanks; for single C0 Pp F 

or multiple installations. 


mount, and quickly ad- # 

justable to best, uniform ef COPPERWELD «+ SILVER PLATED WIRES 
agitation, Sizes 1/4 to OTHER NON-FERROUS 

7% HP 

FIXED—top-entering and ROUND W RE FLAT 


id ntering units for 
ger 

results, Sizes 1 to 25 HP SPRINGS 

FORMS 
ELECTRONICS 
SPECIAL PURPOSES 


xxx 


ALSOP | 


1104 Morris Street — Milldale, Connecticut 189 Caldwell Ave. + Paterson 1, N. J. 
LIST NO. 136 ON INFO-COUPON PAGE 152 


HEAVY RHODIUM Electroplating — in thicknesses up to .001” 
— is now an entirely practicable industrial procedure. Using Technic 
solutions and controlled equipment, you can impart the properties of 
pure rhodium to base metals. This scientific method suggests applications 
throughout industry to solve problems that have long baffled design 
engineers. Very hard and resistant to wear, rhodium remains tarnish- 
free in all atmospheres, is unaffected by acids, alkalies or salts. Recom- 
mended applications include use of rhodium wherever extremely cor- 
rosive conditions obtain. If you are now plating rhodium, we can equip 
you to do better work at lower cost — if you have not yet taken advantage 
of rhodium’s unique qualitics, we can equip you to do low-cost electro- 
plating with scientifically controlled results. Technic service includes 
engineering supervision until your installation is operating at full effi- 
ciency. Send us your problems — and write for “Electroplated Rho- 
dium” Data Sheet, indispensable reference for practical electroplating. 


TECHNIC, INC., 39 Snow Street, Providence, R. 1. 


Advertisement Advertisement Advertisement 


LIST NO, 116 ON INFO-COUPON PAGE 152 
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HOW TO 
: | FERROUS 
Write for complete details 
4 
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WHITELIGHT 


your comprehensive independent 
source of magnesium alloy 
Tubes Rods Shapes Bars 
Hollow Extrusions Plate Sheet 
© Pipe * Wire * Welded and 
Riveted structures and assemblies 


WHITE METAL ROLLING 


& STAMPING CORP. 
82 Moultrie St., Brooklyn 22, N. Y. 


Sales Office 
376 Lafayette St., New York 3, N. Y. 


LIST NO. 67 N INFO.COUPON PAGE 2 


BASKET 


for de-greasing — pickling 
anodizing — plating 
materials handling 
small-parts storage 

of any size and shape — 
any ductile metal 

by 

THE 


JELLI 


LIST NO. 91 ON INFO-COUPON PAGE 152 


for all 
industrial 
requirements 


28 Pequot Road 
Southport, Conn. 


3721 OAKWOOD AVE. 


LIST NO. 94 ON INF&¢ 


COUPON PAGE 152 


FABRICATED MONEL 
PICKLING EQUIPMENT 


¢ Hairpin Hooks * Sheet Crates 
Steam Jets Chain 
¢ Mechanical Bar, Tube and Coil Picklers 


THE YOUNGSTOWN WELDING & ENGINEERING CO. 


YOUNGSTOWN, OHIO 


EQUIPMENT COMPANY 


119 Central Avenue, Clork (Rahway), N. J. 
Offices and warehouses in principol cities 


LIST NO. 10 ON INFO-COUPON PAGE 152 


METAL PROGRESS 


FREE! Write for 32-page CIRCO Degreasing Manual 


uipment CUTS costs 


CIRCO VAPOR DEGREASERS large 
or small—automatic or manual oper- 
ation 

CIRCO METAL PARTS WASHERS.— 
custom engineered to suit your pro- 
duction needs 

CIRCO-SONIC DEGREASERS — new. 
est development—cleaning by ultra- 
sonic vibration 

CIRCO-SOLV (Trichlorethylene) and 


PER-SOLV (Perchlorethylene) — high 
purity, low-cost solvents 


@ proven 
BLACK 

FINISH for 
STAINLESS STEEL 


LOW TEMPERATURE 

Ov-Lite 3-0 blackening bath can be operated at 
240°F or less, much lower than other processes 
require for blackening stainless. 


NON-DAMAGING 
Low-temperature 3-0 process colors without 
surface damage, virtually eliminates costly 
spoilage of finished parts. 


ECONOMICAL 
3-0 bath is stable throughout its tong life, 
requires only repl of | dragovt. 


EASY, SAFE OPERATION 

Du-Lite 3-0 requires no carboys, special equip- 
ment, or unuol safety precaution. Ordinary 
cleaning rinses, low operating temperatures and 
cold water final rinse eliminate processing 


dangers. 


GUARANTEED 

Dvu-Lite 3-0 is made and guaranteed by Dv-Lite, 
the metal finishing specialists. Depend on Dvu-Lite 
for all your deaning and finishing problems. 


u-Lite 


D 


LIST NO. 103 ON INFO-COUPON PAGE 152 
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MAGNESIUM 
PRODD 
| 


Presewre 
Pre 


hurnaces 


fin Martemp,.. 


. there is a helpful Holden brochure that provides engineering 
data and assistance for you. Let us send the booklets that relate to 
your operations —without obligation, of course. Bulletin 200 covers 
Salt Boths; 201—Pot Furnaces; 203—Cleaning and Descaling; 
204 —Pressure Nitriding Process; 205 —Industrial Furnaces and 
New Luminous Wall Firing; 206—Austempering and Martempering. 


HOLDEN METALLURGICAL PRODUCTS GIVE 
YOU MORE FOR YOUR MONEY... REQUIRE 
LESS SUPERVISION... HAVE PROVEN PER- 
FORMANCE AND PROVEN GUARANTEES... 


A. F. HOLDEN COMPANY 
MANUFACTURING PLANTS: 


—— MICH, LOS ANGELES, CALIF. 
(BRoadway 3.5405 (LUdiow 1.9153) 


LIST NO. 127 ON INFO.CC 


ENGINEERING ALLOYS 


by N. E. Woldman 


book 
lists over 19,000 alloys by trade 


This up-to-the-minute 


name and gives their properties, 
compositions and typical appli- 
cations. All important commer- 
cial alloys are shown. 

1056 pages of valuable infor- 
mation, generous index and ta- 
bles of manufacturers and the 


trade names of their products. 


Price, $15.00 


AMERICAN SOCIETY FOR METALS 
7301 Euclid Ave. Cleveland 3 


+ + ++ > 


Upton 


OFFERS 


the most advanced 
Salt Bath Furnaces 


POR .... 


Just Two Examples: 
(A) Carries 242 ton load 
into a pit furnace 
2,200 F. temp. Three 
units, each 342” x 22” 
(B) Nitriding process bas- 
ket for temp. to 2,000 
"sw Gee 


BATCH 
TYPE 
WORK 


There's line Than One Kind of Plating 
Basket and Heat Treating Fixture and 


WIRETEX MAKES THEM ALL! 


5 Mason St., Bridgeport 5, Conn. 


CALL WIRETEX for all your 


Baskets* Mufflies* Screens 
* Fixtures* Grids* Racks 
* Large or Small* One or a 
Million’ To resist heat, acid, 
abrasion or exposure ... in 
every weave, metal or alloy. 


Speciolists in 
Processing 
Cerriers 
Since 1932 


°o LIST NO. 114 ON INF¢ PON PAGE 152 


CONVEY ORIZED 
TYPE 
WORK 


ALUMINUM 
BRAZING 


SHAPES 


Reduce your assembly problems and costs 
Our shapes continuously formed, with high 
degree of accuracy, from ferrous or non 
ferrous metals. Write for Catalog No. 1053. 


UPTON ELECTRIC FURNACE CO. 
16808 Hamilton Avenue 
Detroit, Michigan 
Phone: Diamond 1-2520 


ANG 


3761 OAKWOOD AVE. «+ 
UPON PAGE 152 LIST NO, 10! ON INF 


YOUNGSTOWN, 
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the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 
Quenching Oils with 
QUENZINE added 
For information on 
this new additive and 
other Beacon Brand 
Heat Treating Com- 
pounds write to... 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


W. 140th &t., Cleveland 11, Obie 
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Make it 
TOUGH 
for us, 
we'll make 
it easy 
for you 


@ When your aluminum extrusion calls 
for the unusuel, call for ARTRIM. We at 
ARTRIM believe we have the wherewithal 
to turn out the finest aluminum shapes you 
can buy. For example, dies are replaced 
frequently, resulting in closer tolerances 
and absence of die markings. Write today! 


PRECISE 
COMMERCIAL 


ALUMINUM 
EXTRUSIONS 


ARTRIM «+ DIVISION OF 
SUPERIOR INDUSTRIES, INC 
YOUNGSTOWN, OHIO 


Surface Protection 
Against Wear and 
Corrosion 

ok ntaining secti 


tea Ting 


Published, 1954 Price, $6.00 


American Society for Metals 
7301 Euclid Ave. Cleveland 3, Ohio 


HEAT TREATING 
FURNACES 


for 
Every Heat Treating 
Process 
CONTROLLED 
ATMOSPHERES More than two thowsend sotisiied users 


WILL TESTIFY YOU 


SAVE 3 WAYS 
—. FIRED WITH A LUCIFER FURNACE 


1—Save on First Cost 
CIRC-AIR DRAW CHECK THESE PRICES 
FURNACES 
CIRC-AIR NICARB electronic controls. 


(CARBONITRIDING) 2—Save on Man Hours 


Complete with 100°%° autemotic 


operator attention 


Specially Engineered "Mo special experience required when 

or 3—Save on Maintenance 
« WRITE FOR FREE LITERATURE, specifications 


wire or phone today 


FOR CATALOG... 
HELPFUL INFORMATION 


THERE'S A 
STANWOOD 
EPRESENTATIYV 
NEAR YOU! 


METAL PROGKESS 


PROBLEM WE CAN’ "SOLVE 


We are specialists in the decigning, engineering and ma: 
facturing of equipment for handling parts through heat treating 
quenching, pickling and related operations. Let our broad experi 
ence serve you! We can supply baskets, trays fixtures, carburizing 


boxes, retorts or furnace perts designed to meet your specif 


vif 


4817 W. CORTLAND sr. CHICAGO 39, 1LLINOIS 


1500.00 1600. 00 


needed—Luecifer controls 
are EXACT. They reach SPECIFIED heat rapidly 
retain SPECIFIED temperature without varia« 


Elements are guaranteed, tong tived. trouble tree 


and price list of Lucifer Furnaces in wide ronge 


( 
CIRC-AIR- 
| 
= 
dized sting ase hardening 
by carbur zing liffusion treat 
ment metalizina ele tive heat 
treatment ra fa na and 
Testir 1 for wear re tance 4 
nN preventing corrosion by sur 
face protection and economics INNUCTOIA 
570 Fremont PI. * Detroit 7, Mic $ PA. 
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Here’s why RULON solves bearing problems 


RULON i. « unique new oil-free bearing material for light loads. Devel- 
oped through original basic research on friction, Rulon never requires 
lubrication because very low friction coefficient is inherent. Excellent abra- 
sion resistance. Chemically inert, extremely resistant to chemical corrosion. 
Zero water absorption. Operates without distortion submerged in water 
and most acid or alkali solutions. Exceptional anti-hesiveness, cannot ac- 
cumulate dust, dirt, air-borne sediment. Readily sterilized, resists tem 
perature extremes 100°F to over 400°R, Special electrical properties 
adapt it to electro-mechanical applications. Supplied in any form, com 
pletely finished or for machining in your own plant. Already used in 
widely varied applications, but potential largely untapped — Rulon may 
solve your problem, 20 Data Sheets available giving special properties, case 
histories, all details. Request without obligation. 


DIXON CORPORATION, BRISTOL, RHODE ISLAND 


Achhertmement Advertiement Advertuement 


LiST NO, 130 ON INFO-COUPON BELOW 


Get these important 


FIELD REPORTS 


on Metalworking Lubrication with 


MOLYKOTE® LUBRICANTS 


“MUST” in every metalwork- 
ing shop and design department 


hundreds of case histories from 
customer files . . . prepared especial- 
ly for the metalworking industry . . . 


READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
7301 Euclid Avenue, Cleveland 3, Ohio 


Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 


(Please check) 


Send Catalog Send Nearest 
or Engineer- Price Source of 
ing Data Info Supply 


(Bulletin Board Item Number) 


Your Name 
Company 


Street 


The 1955 Supplement to 
the Metals Handbook 


@ 200 Large Pages 
@ 214 Tables 
@ 256 Charts 
@ 411 Iustrations 


Order now a copy of the clothbound 
1955 Supplement to increase the use- 
fulness of your ASM Metals Hand- 
book. The Supplement gives an au- 
thoritative survey of facts on these 
subjects: 


Sheet Steel 

Press Forming Dies 

Gray Cast Iron 

Stainless Steel 

Aluminum Alloy Castings 
Closed-Die Forgings 

Helical Steel Springs 

Surface Finish 

Residual Stresses 
Electroplated Coatings 
Induction Hardening 

Fiame Hardening 

Gas Carburizing 

Control of Surface Carbon 
Heat Treating of Tool Steel 
Manual Arc Welding 

Metal Cleaning Costs 

Creep and Creep-Rupture Tests 
Radiography of Metals 
Macro-Etching of Iron & Steel 


Each article gives a comprehensive 
coverage of its subject, with informa- 
tion limited to essential facts. This 
authoritative survey was prepared by 
19 ASM technical committees com- 
prising 179 outstanding engineers. For 
complete details of contents, see 
August 15, 1955, issue of Metal Prog- 
ress, Which contains the articles being 
offered in this clothbound edition. 
Price is $4.00 to ASM members, 
$6.00 to nonmembers. 


American Society for Metals 
Room 790, 7325 Euclid Ave. 
Cleveland 3, Ohio 


Please rush me the 1955 Supplement to the Metals 
Handbook 


Zone State 
Check enclosed ©) Bill me Bill my company 
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LIST NO. 110 ON INFO-COUPON BELOW 
| 
| 
| 
| 
| | 
— U U U 
0 0 
Ag Title | 
= 
152 


seconds= hardened 


by Cincinnati 


Now Cincinnati does both. . . 
flame and induction hardening . . . with 
a high degree of proficiency. 


The work shown at left is indicative of the 

kind of performance you can expect from new 
Cincinnati Induction Hardening Machines, On the job 
in a fully automated installation, the machine illustrated 
below hardens two areas of this hollow turbine shaft 
to Rockwell C 60, .025” case depth, at the rate 

of 200 shafts per 42-minute hour. 


Yet, the design of these machines makes them equally efficient 
for varied, low-production operations using manual control. 


These are high frequency machines, operating at 1200 to 

1400 ke /sec., for rapid selective hardening of small diameter 

or thin walled parts and those requiring a shallow case. High 
frequencies with maximum power density produce minimum case 
depth in minimum time, with little or no distortion and scale. 


For full information on new Cincinnati Induction Hardening 
Machines, write for Bulletin M-1938. Better still, call in a 
Process Machinery Division field engineer. Let him brief you on 


their many outstanding advantages. 


New Cincinnati 30 KW Induction 
Hardening Machine equipped with 


automatic controls and work handling system for 
selective hardening of the turbine shaft shown above. 
Also made in 15 KW capacity. 


THE CINCINNAT| MILLING MACHINE CO. 
CINCINNATI OHIO, U.S. A, 


i. 
| 
4 
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...4 Complete set-up for 
heat-treating small tools 


furnaces 
Contains a pre-heat furnace, a high-heat furnace 
and quench tanks in a unit designed for convenient 


é ? . 4 positioning in your shop. Furnace sections are equip- 
ped with casters. 
furnace quench tanks- Temperature range permits treatment of all high 
: - speed steels including cobalt type. 


furnace (corner ) Waltz small tool furnaces are “money makers” in 


. positioning many shops throughout the country. Enjoy the lucra- 
pee 3 tive advantages of heat-treating facilities right in 
your own shop. 


ane m A complete line of Waltz standard or special heat- 


treating furnaces using all types of fuels are built to 
furnace -turnace quench: suit your requirements. Write for comprehensive illus- 


tanks (side by: side ) trated bulletins. 
positioning 
wen 


lurnace quench tanks 
furnace (side-by-side) 
positioning 


Woltz Furnace Co., 
Symmes Street, Cincinnati, Ohio 
Dept. W 

Please send without obligation 
engineering builletins—Woltz Heat. 
treating Furnaces. 


NAME 


4 


COMPANY 


STATE 
SYMMES STREET 
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Cathodic Protection 


Digest of “Economic Cathodic 
Protection”, by Benson G. Brand, 
Corrosion Technology, Vol. 3, 
January 1956, p. 12-14. 


‘ORROSION costs our country bil- 
lions of dollars annually. Scien- 
tists are constantly attempting to 
control this loss by developing new 
methods to reduce the waste, largely 
on iron, 


Three of the methods used to limit 


the rate of corrosion are: (a) Substi- 


tute a corrosion resistant material 
when possible, (b) cover the material 
with an organic coating, and (c) use 
cathodic protection. A fourth method 
that employs the latter two items is 
considered in this paper. 

Basically, metallic corrosion 1s an 
electrical process. Protection against 
corrosion may be obtained by seal- 
ing the metal surface to prevent an 
electrolyte from penetrating to the 
metal, Cathodic protection is, ac- 
complished either by placing a sac- 
rificial anode near the metal to be 
protected or by creating a current 
from an external source. An ade- 
quate current density for protecting 
a steel surface is 2 to 4 milli-amp. 
per sq. ft. Soft water protects metals. 
It has no current density because of 
the absence of dissolved salts. Mean- 
while, hard water, like sea water, 
carries current greatly in excess of 
that needed for protection. The re 
quired current can be greatly re- 
duced by coating the surface to be 
protected. Then only the small areas, 
as faults and pinhole s, will demand 
small currents. Here savings can be 
made by reducing the consumption 
of sacrificial anodes. 

The primary purpose of the coat- 
ing is to decrease the amount of pro- 
tective current required. Exceptional 
instances may require a coating to be 
decorative or antifouling. In conjunc- 
tion with cathodic protection no one 
coating is universally used for any 
specific application. 

Steel in contact with sea water is 
easily corroded. In offshore drilling 
equipment the types of exposure 
present are; atmospheric, with salt 
spray and petroleum products; tidal, 
having periodic exposure to at- 
mosphere and water; and marine, 
with a continual exposure to water. 
Such equipment requires a vinyl 
coating for cathodic protection by 
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NEW fine-grain phosphor bronze with 
GREATER ENDURANCE LIMIT 


FINE-GRAIN STRUCTURE IS THE MAIN REASON ... 


DURAFLEX®* is a new, fine-grain phosphor bronze 
developed and sold only by Anaconda, Compara- 
tive fatigue tests show that the endurance limit of 
DURAFLEX is approximately 30% higher than for 
ordinary phosphor bronzes. In surface appearance, 
surface smoothness and resistance to corrosion, it 
is equal to, or better than, other phosphor bronzes. 
Further, its formability is increased with no sacri- 
fice in yield strength, puRAFLex is a premium phos- 
phor bronze in every way except cost; there's no 
increase in price. 

If you're now using a hard-temper phosphor 
bronze, chances are that you can do the same form- 
ing in extra-hard temper punarLrx, If you're look- 
ing for longer life in the parts you form, we'll be 
glad to send you a free sample of DURAFLEX. Try it, 
test it, and you will agree that it’s superior 

Micrographs (75x magnification) tell 


the inside story. Top, note the fine 
grain structure of puRArLEXx, Compare 


DURAFLEX fine-grain phosphor bronze 


an NACOND product 
Try a FREE SAMPLE of MADE BY THE AMERICAN BRASS COMPANY 


it with the grain structure of ordinary 
phosphor bronze, bottom, 


(in Canada: Anaconda American Brass Lid., New Toronto, Ontario) 


The American Brass Company, Waterbury 20, Connecticut 
LLA 


Yes, we'd like to try DURAFLEX Please send us a free sample of 
sheet in temper thick, 
wire in temper diameter 
C) We'd like to talk tooneof your metallurgists about pURAFLEX 
NAME 

COMPANY 

STREET 


. up to 0.062" thick ery 


. up to “ie” diameter (approx. ) 


JUNE 1956 
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time for 


KILOTRON 


Model K400 
HIGH FREQUENCY 
Inducton Heater 


for greater production 


Easy to operate and unusually adaptable for effective 
production use, the KILOTRON is wonderfully suited 
for production line operations like Bonding, Bombard- 
ing, Annealing, Hardening, Heat Treating, Forging, 
Forming, Brazing, Soldering, Melting and Refining. 


COMPARE THESE OUTSTANDING 
PRODUCTION LINE ADVANTAGES: 


© Four-450 Kilocycle units — Models K400 -10KW, 
K400-12.5KW, K400-20KW, K400-25KW 

@ Ease of operation — controls within reach, panel 
lights, automatic operation, built-in protection, 
work platform between two control platforms 

© Simplified for easy set-up — ‘ 
19 square foot stainless steel 
work table, free from 
obstructions, raised edges 

@ Saves valuable space — 
combines high frequency if 
generator and work 
surface within one 
cabinet, no bothersome 
cables, saves 50% space 
over other equipment 

@ Round the clock 
production tool— 
sound heavy-duty 
design permits 
continuous 
operation 


Write for additional data, 
engineering assistance 
and a complete catalog. 


ELECTRIC-ARC 


INC, Newark 8, New Jersey 


155 Jelliff Avenue 


Also available — a complete line of low frequency 
induction heating equipment, AC and DC Arc Welders 


Cathodic Protection . . . 


minimizing the exposed surface. The 


coating is generally composed of a 
thin layer of polyvinyl butyral-zine 
chromate-phosphoric acid type of 
wash primer applied on a cleaned 
steel surface and followed by a 
coating 6 mils or more thick of 
an air-dried vinyl chloride-vinyl ace- 
tate copolymer-type coating. On ship 
bottoms the type of exposure varies 
according to where the ships are 
being operated, as in fresh, con- 
taminated and sea waters. Such hulls 
require an antifouling organic coat- 
ing which is toxic to marine organ- 
isms. The binder used to contain the 
toxic material slowly leaches away 
and leaves a constantly renewed 
supply of toxic material on the sur- 
face of the hull. Sacrificial mag- 
nesium anodes are always carefully 
placed on the hull so cathodic pro- 
tection of the steel does not upset 
the mechanics of the coating. Mag- 
nesium anodes have performed sat- 
isfactorily on the hulls of ships for 
several years. 

Extensive cooperative tests by the 
U.S. Bureau of Ships and the Mari- 
time Commission have been under 
way on an impressed voltage from a 
series of rectifiers to the mothball 
fleet of the U.S. Navy. The best pro- 
tection found is an insulating coat 
to decrease the area of the ship’s 
hull exposed to the electrolyte, in 
conjunction with a high current 
density for protection in voids and 
damaged areas. 

Buried pipelines carrying gas and 
petroleum products are vulnerable 
to the corrosive attack of soils rang- 
ing from highly alkaline to very 
acidic conditions. The cathodic pro- 
tection of pipelines by means of an 
applied potential is one of the major 
accomplishments of this method. 
Present protection on pipe is to 
apply a coat of asphaltic or coal tar 
pitch 1/16 to % in. thick, followed 
by a spiral wrapping of paper and 
a second application of thermoplastic 
coating over the paper. With the 
protective current required greatly 
reduced, an adequate current density 
is still maintained to protect the 
pipes at breaks or flaws in the coat- 
ing. A serious limitation to using this 
method is that flaws can occur on 
coatings (which have fairly low 
softening points) of the pipe at the 
discharge end of compressor sta- 
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AND 


CASTINGS FOR HIGH 
TEMPERATURE SERVICE 


DESIGNED FOR SPECIFIC 
HEAT TREATING APPLICATIONS 


Every hect treating operation hes its 
own special casting requirements, 
Our engineers need only the 

facts abovt your particular 

heat treating operotion to 

design ond produce Fohrite costings 
with the correct characteristics to 
meet your problems. 

Fahrite alloy castings ore products 
of careful design, metallurgical 

and foundry contral techniques— 
assuring sound, high tensile 
strength castings that resist thermal 
shock, stand up longer in service, 
There ore gredes of Fahrite te meet 
your exact eperoting conditions. A few 
of the many types of Fahrite costings 
made by Steel are: 


Rails Rollers 

Chain Rediant Tubes 
Retorts Fixtures 
Solution Pots Hearth Plates 
Muities Dipping Baskets 


Carburizing Boxes 


SPRINGFIELD, 


fingfield end Lime, 
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Cathodic Protection . . . 


tions where the gas temperatures 
often reach 300° F. A good prac- 
tice is to carefully fill the trench 
around the pipe, to insure that no 
abrasive material, such as rocks, will 
rupture the coating when the pipe 
expands or contracts with tempera- 
ture changes. Vinyl tape coated with 


a pressure-sensitive 
been wrapped successfully over pipe 


lines. Such tape is about 10 to 20 


adhesive has 


mils thick, and is supplied in widths 
up to 24 in. 

Other where cor- 
rosion is the major problem are 
water boxes of large boiler con- 
densers, containers for heavy-duty 


installations 


transformers, and domestic hot water 
tanks. In the corrosion of cast iron 
water boxes, galvanic effects are set 
up where the cast iron serves as the 
anode to protect the tubes made of 
a corrosion resistant alloy Cylindri- 
cal magnesium anodes in the coated 
water box have been successfully 


Now even the smallest shop can afford o 
dependable and versatile Brinell Hard 
ness Tester. Priced exceptionally low, 
Model L is a motorized hydraulic machine 
with which even an inexperienced opera 
tor can make tests in strict conformance 
to 


Engineered by Steel City, leader in the 
field since 1914, the new tester is de- 
signed for years of maintenance-free 
operation. The %" stroke permits succes- 
sive tests without anvil readjustment. Lood 
is applied by finger-tip pressure on 
operating hondle 


Write for full particulars today and name 
of nearest sales representative —conven- 
jently located in your area 


MODEL L 

Vert. opening—9~ 
Throat depth —6 
Bench space—9" « 25 


Manufacturers of machines for testing physical properties of metals, including: 


Brinelt Hardness 


Ouctility 


8811 Lynden Ave. Detroit 38, Mich. 


- 
\ 
Hydrostatic Proving Instruments 

. ond Special Testing Machines 


used to stop corrosion of both tubes 
and water box. Tests under way for 
five years showed no visible signs 
of corrosion on an installation having 
a carbon steel water box, Monel tube 
sheets and cupronickel tubes. 

As for coatings on containers hous- 
ing the heavy-duty transformers, 
cathodic protection is still being in- 
vestigated, since no protective coat- 
ing has been found to last for any- 
where near the lifetime of the trans- 
former. Protection on these is com- 
plicated since they are subject to 
complete or partial immersion in sea 
water at temperatures as high as 
140° F. Cathodic protection of do- 
mestic hot water tanks has been 
achieved by suspending a mag- 
nesium rod in the center of the tank 
as a sacrificial anode. Here, the mag- 
nesium dissolves in the water as a 
harmless salt. An insulating coating 
on the interior of a hot water tank 
can be helpful but only in conjunc- 
tion with cathodic protection since 
a continuous coating is difficult to 
make around the fittings and weld 
zone areas, 

In many instances protection can- 
not be obtained by any single meth- 
od, encouraging the use of two or 
more methods in conjunction. When 
a coating can meet all the funda- 
mental requirements such as resist- 
ance to cathodically produced prod- 
ucts, a high electrical resistance, a 
high resistance to water-borne chem- 
icals, and to special conditions, large 
savings can be realized. 


|. 


A Strong Weldable Steel 


Digest of “The Performance 
of High-Strength Pressure Ves- 
sel Steels”, by J. H. Gross and 
R. D. Stout, Welding Journal, 
March 1956, Welding Research 
Supplement, p. 115-8. 


nEssURE vessels used in America 

are limited by code to the use of 
plain carbon steels. However, pres- 
sures are continually increasing, and 
wall thicknesses up to 12 in. are in 
prospect unless stronger steels are 
permitted. In an attempt to meet this 
situation the Pressure Vessel Re- 
search Committee has sponsored 
studies into improved design meth- 
ods, welding procedures, fatigue re- 
sistance of the metal and its me- 
chanical properties. The article by 
Messrs. Gross and Stout examines 
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the latter for seven steels received as 1-in. plate, including 
a hot rolled plate of the standard mild carbon steel cor- 
responding to A.S.T.M. specification A 201. This digest 
will be limited to a review of the properties of what is 
apparently the best of the new steels, called 90 B, received 
in the quenched and tempered condition. Its analysis was 
0.15% C, 0.93% Mn, 0.27% Si, 0.89% Ni, 0.48% Cr, 0.44% 
Mo, 0.06% V, and 0.003% B. Comparative tensile properties 
at room temperature are shown alongside. 

In general the yield of the high-strength steels is much 
closer to the ultimate than the low-carbon steels, and 
elongation is progressively lower; reduction of area does 
not vary significantly 

When the tension tests are made at elevated tempera 
tures the tensile strength is not af 


Tensile Properties A 201 90 B 
Tensile strength 54,800 psi 123,600 psi. 
Yield (0.2% offset ) 29.700 114,000 
Elongation in 8 in, 33.89 13.9% 
Reduction of area 65.8% 57.5% 
Transition Temperature A 201 90 B 

As received 30° F. (a) 195° F. (hb) 
Strain aged 130 160 
Single stress relief 40 (c) 190 (d) 
Quadruple stress relief + 35 195 

24-hr. stress relief - 5O 180 


a) As rolled. (b) Quenched and tempered 
(c) 1 hr. at 1150° F. (d) 10 he. 900° PF, 


fected much until 600° F. is passed 
(except for A 201 which has a peak 
at 550). Yield strengths decrease 
gradually, being about 100,000 psi. 
for 90 B and 22,000 for A201 at 
650° F. All the steels have reduced 
ductility in the blue brittle range 
450 to 550° F.. both 90 B and A 201 
have recovered most of it at 650° F. 
( Most codes permit service operation 
to 650° F. without reduction of de- 
sign values based on room-tempera 
ture tests, despite this verv consider- 
able embrittlement that takes place 
at about 450° F.) 

Toughness of the plate was ap- 
praised by making Charpy impact 
tests at various temperatures and 
noting the transition from fine to 
coarse fracture. The greatest drop 
in transition temperature in all the 
steels was caused by “strain aging” 

stretching 5% and then reheating 
to 550° F. for 1 hr., a routine which 
simulates the forming stress- 
relieving operations during fabrica- 
tion. Transition temperatures are 
tabulated at the top of the page. 

These and other data in the 
article show that the quenched and 
tempered alloy* steels tested resist 
the effects of strain aging fairly well, 
and inferentially are insensible to 
normal fabrication processes other 
then welding. 

To check on the latter, welded 
joints were made with electrodes and 
techniques recommended by other 
researchers. Restraint tests indicated 
the maximum width of specimen at 
which weld metal cracking would 
begin. Neither A201 nor 90B 
showed cracking at the maximum 
width of 8 in. Five specimens of each 
steel were studied in a test to indi 
cate underbead cracking (usually 
ascribed to hardenable microconstit- 
vents in the weld metal). As ex 
pected, welds in A 201 contained 


no such cracks: welds in 90 B aver- 
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Titusville 


Your logical 
SOURCE OF SUPPLY 


@ CRANKSHAFTS — Diesel, Press, Pump, etc. 
@ CYLINDERS —Hydraulic Press, 


Gate Hoisting, etc. 


@ ROLLS—Bending, Straightening, Table, 


Engraving, Crusher, Pulverizer 


@ SLEEVED BACK UP ROLLS 

@ MILL SPINDLES and COUPLINGS 

@ BELL RODS 

@ SHAFTS and PINIONS 

@ WELDED FORGING COMBINATIONS 


Barrel Cases, Rocker Shafts, 
Hollow Rolls 


@ PISTON RODS 
@ DIE BLOCKS (T TEMPER) 


STRUTHERS WELLS CORPORATION 


TITUSVILLE FORGE DIVISION 
TITUSVILLE, PA 
PLANTS AT TITUSVILLE, PA., and WARREN, PA, 
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Vertical Retort 
Furnace 


Federal Bearings Company of Poughkeepsie, New York ac- 
curately controls the carburizing of certain bearing races in 
o Hevi Duty Furnace. 


Multiple Zone Control of radiant type heating elements 
assures even heat distribution from top to bottom of the load. 


Forced Circulation ossures that the carburizing atmos- 
phere reaches all surfaces of even the most dense loads. 


You, too, can produce consistently uniform results if you 
specify Hevi Duty Vertical Retort Furnaces for Carburizing, 
Nitriding, Dry Cyaniding and Bright Annealing. 


Write for Bulletin HD-646. 


HEVI DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 


Weldable Steel . . . 


aged 39% cracks, largely due (in 
the authors’ opinion) to dilution of 
the metal deposited by the qualified 
electrode by alloy from the steel 
alongside the joint. 

To insure toughness of the welded 
joints the plates are commonly pre- 
heated, or the joints postheated. 
Measurements of these effects were 
made with the Kinzel test (transi- 
tion temperature at 1% lateral con- 
traction). Results for the two steels 
were as follows: 


A 201 90 B 

As received —120°F. —225° 
As welded — 30 
Welded at 300° — 30 
Postheated once — 30 
Four times — 20 


The authors conclude that 
quenched and tempered alloy steel 
90B (when compared with the 
standard low-carbon steel (A 201) 
has twice the tensile strength, three 
times the yield and half the elonga- 
tion when tested at 70° F. and 
equally satisfactory properties at 
elevated temperature; it has only 
slightly greater tendency to weld 
cracking, substantially superior notch 
toughness in all conditions, and mini- 
mum susceptibility to base-metal 
embrittlement. =) 


Size Effects in 
Fatigue Testing 


Digest of “Investigation of 
Notch Size Effects on Rotating 
Beam Behavior of 75 S-T6 
Aluminum Alloy”, by W. S. 
Hyler, R. A. Lewis and H. J. 
Grover, Technical Note 3291, 
National Advisory Committee 
for Aeronautics, November 1954. 


E AMOUNT of useful design in- 

formation that laboratory fatigue 
tests on small specimens may pro- 
vide for large structures or compo- 
nents is not known. Evidence exists 
that large specimens may have 
significantly lower fatigue strengths 
than small test specimens of the same 
material. It also appears that notches 
in large specimens may have more 
detrimental effects than geometric- 
ally similar notches in small speci- 
mens. Unfortunately reliable design 
rules on such size effects have been 
lacking because published informa- 
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tion on notch effects in fatigue be- 
havior is not in complete agreement. 

The present investigation was 
planned to study general size effects 
upon the fatigue behavior of a speci- 
fic aluminum alloy of major interest 
in aircraft design, 7075 (75S). 

Unnotched and notched speci- 
mens with minimum section diam- 
eters of %, %, %, 1 and 1% in. were 
tested. For each size a semicircular 
notch having a theoretical stress con- 
centration factor of 2.0 was used. In 
the 1%-in. diameter specimens, a 
60° V-notch having a stress concen- 
tration factor of about 19 was also 
tested. 


The average mechanical proper- 
ties obtained on specimens from 3-in. 
diameter bars of the material were: 
tensile strength 87,000 psi.; yield 
strength 79,200 psi.; 12.2% elonga- 
tion; 16.6% reduction in area and an 
elastic modulus of 10.5 


10° psi. 

The surfaces of all specimens 
were prepared by (a) lathe turning 
and then mechanically 


polishing 


with 600-grit emery dust in cutting 
oil to remove 0.0015 to 0.0025 in., 
(b) a second mechanical polish with 
chromium oxide rouge suspended in 
kerosene to remove 0.0005 to 0.0010 
in. and (c) a final electrolytic 
polish to remove an 
0.0003 to 0.0005 in. 
Electropolishing was used because 
preliminary results indicated the ex- 
istence of an appreciable layer of 
disturbed metal after mechanical 
buffing. 


additional 


Although electropolishing 


removed some disturbed surface ma- 


terial, the resulting surface was not 
entirely free of small pits. The size 
of these pits was not given. 


tabulation of 
experimental data for each group 
of specimens is appended to the 
report together with photographs of 
equipment and specimens. Complete 
sets of S-N curves and size effect 
plots are also included. 


A comprehensive 


The following specific conclusions 
are reported 


1. Tests on unnotched and notched 
specimens from % to 1% in. do not 
show systematic evidence of over-all 
size effect or of notch size effect. 
The significance is limited by the 
scatter of test results, particularly 
for unnotched specimens. 


2. A small radius notch in the large 
(1%-in. ) 


diameter specimen pro- 
duces a relatively small fatigue- 
strength reduction (K, about 1.8) 
in spite of its large theoretical stress 
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with a 
better 
product 
resulting! 


PRODUCTION 


DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 


Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers 


Shaker Hearth 
Furnace 


Cost savings in six months from heat treat- 
ing one type of switch spring alone have 
equalled the cost of the furnace. Formerly 
it took one week to produce 40,000 
springs; now the same job is done in six 
hours. A high rejection rate has been 
practically eliminated. 


Learn more about this modern 
production tool and the way it can 
help you. 


Write for Bulletin HD-850 today. 


Constant Current Regulators 
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WTiC, Crystal (4000X). of K tal tungsten-tit 


crystal (4000X). This unique material is an important ingredient of Kennametal, and 
provides a combination of desirable characteristics in the steel-cutting and gall- 
resistant grades of Kennametal. 


Where you can use 
KENNAMETAL* or KENTANIUM* 


Kennametal was the first hard carbide to cut steel successfully. 
Since the original composition was invented, many additional 
distinctive grades have been developed. Each offers a wealth 
of possibilities to design engineers who are searching for a metal 
that has unusual strength and high hardness, or exceptionally 
high resistance to abrasion, deflection, deformation and impact. 


A companion material, Kentanium, retains its high strength 
and exceptional resistance to oxidation and abrasion at temper- 
atures 1800°F and higher. It is one-third lighter than steel and 
much lighter than other hard carbides. It possesses extremely 
high resistance to thermal shock. 


With a combination of many desirable properties, Kenna- 
metal and Kentanium are providing unusual performance in 
diverse applications. Many of these applications and the 
properties required for each are discussed in our Booklet No. 
B-111. Perhaps it will give you the information you need to 
get your idea off the drawing board into production. Write 
for a copy. Address: KeNNAMETAL INc., Latrobe, Pa. 
*Kegiatered Trademarks 


concentration factor (K, about 19). 

3. The effects of specimen size 
and notch size upon fatigue behavior 
of aluminum alloys is still not fully 
understood. It appears that scatter 
in the observed fatigue strengths 
presents the chief difficulty. More 
attention should be devoted to the 
study of surface finish and statistical 
evaluation of results in future work. 


WwW. W 
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Oxygen Steelmaking 


Digest of “The Oxygen Steel- 
making Process’, by D. O. 
Davis, presented at the Birming- 
ham Regional Technical Meet- 
ing of the American Iron and 
Steel Institute, Oct. 5, 1955, 16 
pages. 


RODUCTION OF “oxygen jet steel” 

in two 40-ton vessels working on 
45-min. heat times can match the 
output of four 250-ton openhearths, 
roughly 100 tons per hr. Further- 
more the oxygen steel plant, com- 
plete with gas generation facilities, 
can be built for half the cost of the 
openhearth shop. The oxygen steel 
ingots have been described as su- 
perior in some tests to the best open- 
hearth steel. 

The so-called oxygen process of 
steelmaking takes place in a one- 
piece, open-top vessel, free to rotate 
on trunnions. High-purity oxygen, 
at a pressure of 5 to 10 atmospheres, 
is blown downward to the surface 
of the molten iron bath. The re- 
action between the oxygen and the 
surface of the bath is almost ex- 
plosive and results in very high 
temperatures and gas_ velocities. 
Oxygen is introduced through a 
water cooled jet or lance whose 
dimensions are a function of vessel 
size and desired heat time. Charges 
for the oxygen vessel include both 
scrap and hot metal. 

The vessels are of one piece de- 
sign, built of 2-in. plate, 14 ft. in 
diameter and 25 ft. in height. Mag- 
nesite brick is used for the perma- 
nent lining and is backed up by fire- 
clay. The working lining is made of 
100 tons of tar dolomite brick with a 
backing of rammed tar dolomite. 
Working volume of the vessel with a 
new lining is 1150 cu. ft. This in- 
creases to 1650 cu. ft. as the lining 
wears. For a 45-ton charge, the 
depth of the bath varies from 32 to 
30 in. as the lining thickness changes. 
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~ow to make your 


automatic heat-treating and 


hardening even more automatic 


SPECIALISTS IN 
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.--at no extra cost 


| see continuous operation is the key to 
profitable automatic forging production 
lines. Especially in high speed heat-treating 
and hardening operations. They're extremely 
sensitive to changes in chemical composition 
and structure of steel used. Interruptions to 
make tests or adjustments slow production, 
increase costs, reduce the advantages of auto- 
matic operation. This makes the uniformity 
of the steel you use an even more vital factor. 
The more uniform the steel, the steadier the 
production and the greater the potential you 
can realize from your automatic equipment. 


You can get the utmost in uniformity, and 
automatic Operation—at no extra cost—by 
using Timken” fine alloy steel. Uniformity is 
constant from bar to bar, heat to heat, order 
to order. 


We take many extra quality-control steps 
to assure this uniformity. For example, the 
Timken Company uses a magnetic stirrer for 


molten steel to assure equal distribution of 
alloys, uniform temperature and improved 
working of the slag. It's the first installation 
of its type in the United States. 


To further assure uniformity, your order of 
Timken fine alloy steel is handled individually. 
We target our conditioning procedures to 
meet your end use requirements, Each bar is 
stamped to identify the heat it came from. This 
limits variations within an order as well as 
from order to order, And every heat is ex- 
amined spectrometrically to insure uniform 
grain size. 

To make your automatic heat-treating and 
hardening operations even more automatic— 
at no extra cost—always specify Timken fine 
alloy steel. You'll get money-saving per- 
formance and uniform results every time. 
The Timken Roller Bearing Company, Steel 
and Tube Division, Canton 6, Ohio. Cable 
address: “ TIMROSCO”, 
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Fine 
Alloy 


FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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Steelmaking . . . 


Average lining life is 180 heats, but 
250 heats may be obtained with im- 
proved practice. 

After the vessel is charged and 
turned upright beneath the dust col- 
lector hood, the oxygen lance is low- 
ered and the blast is admitted. The 
oxygen on-time is 22 min. per heat, 


about 1850 cu. ft. per ton of steel 
produced. 

The dust collection system com- 
prises brick-lined vessel stacks 124 
ft. high, from which ducts feed 
waste gases to cooling boxes, col- 
lector mains and cyclonic separators. 
High and low-pressure water sprays 
are strategically placed to clean the 
gases which range in volume from a 
minimum of 110,000 cu. ft. per min. 


with a total tap-to-tap time of 45 to 


at 65° F. to 120,000 cu. ft. per min. 
50 min. Oxygen consumption — is 


at 115° F. Average temperature in 


Scientists... 


Engineers 


A word from 
Dr. William E. Shoupp, 
Technical Director 
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Westinghouse 
Commercial 
Atomic Power 


“Our scientists and engineers are the pace setters in the brand- 
new field of nuclear science and engineering-for-power. 

“Westinghouse has specific commercial projects under way. These 
represent firm orders—not just jobs under negotiation. The re- 
sults will be visible in the shortest possible time, as the projects 
are built and go into their operative stage. And you don’t have 
to be experienced in nuclear power to join us in this exciting 
new profeasion.”’ 


An Experienced, Young, Fast-Growing Team 
CAPA—Commercial Atomic Power Activity—is the most dy- 
namic new division at Westinghouse. We're “‘fluid,”’ not fixed. 
Supervisory jobs open up fast! 

Our growth curve is bound to be steep—as electric power de- 
mand and atomic power production pyramid sharply. We're 
entirely commercial—not dependent on government contracts. 
Opportunities for advanced study at company expense. Get in 
on the “industry of tomorrow’’ today—at Westinghouse CAPA. 


... for Physicists + Physical Chemists « Chemical 
Engineers « Mechanical Engineers + Electrical 
Engineers Designers Metallurgists 

Send résumé to: 
C.S. Southard, Westinghouse Commercial Atomic 
Power, Box 355, Dept. 132, Pittsburgh 30, Penna. 


WATCH WESTINGHOUSE! 


FIRST IN ATOMIC POWER 


the main stack over the vessel is 


1600° F. 


Success or failure of the oxygen 
jet process depends on the oxygen 
supply facilities. The unit at Domin- 
ion Foundries & Steel, Ltd. produces 
100 tons of high-purity (99.5%) oxy- 
gen per day with a power consump- 
tion of less than 400-kw-hr. per ton 
of oxygen. 

Nitrogen content of the finished 
steel is a function of oxygen purity. 
With oxygen 99.5% pure, nitrogen 
in the steel has been 0.0025% or less. 
Further, the oxygen content of the 
steel is definitely less than in open- 
hearth practice. 

To date, all the low-carbon 
rimmed and mechanically capped 
grades of steel for hot and cold strip 
mills have been made by the oxygen 
jet process, as well as skelp and 
other rimmed and killed grades for 
hot rolled plate and strip products 
up to 0.20% carbon. Strip analyses 
average 0.06 to 0.10% carbon, 0.30 
to 0.40% manganese, 0.025% sulphur 
and 0.015% phosphorus. 

Artuurn H. ALLEN 


Barrel Finishing for 
Burr Removal 


Digest of “Investigation of 
Barrel Finishing as a Means of 
Efficient Burr Removal”, by 
Charles E. Kincaid, General 
Motors Engineering Journal, 
Vol. 3, No. 1, January-February 
1956, p. 34-39. 


Bors can be removed from pre- 

cision metal parts before plating 
or assembly at a high production 
rate by barrel finishing, a process 
which became popular during World 
War II for finishing of aircraft engine 
components. 

In barrel finishing, the parts are 
placed in an octagonally shaped 
barrel with water, a cleaning com- 
pound and a medium. The latter is 
the abrasive material which does the 
finishing. The barrel is rotated at a 
predetermined speed, possibly in the 
range of 10 to 30 rpm., for a fixed 
time. As the barrel rotates, the flat 
sides lift the enclosed mass to a 
height from which it slides to the 
opposite side of the barrel. During 
this slide, the parts are subjected to 
a grinding or polishing action by the 
sliding medium. 

Some type of cleaning compound 
is essential in wet barrel finishing. 
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Why these stator blades for 
Curtiss-Wright J 65 jet engines 


are brazed with EASY-FZO * 
Z 


— 


Allis Chalmers does this job with EASY-FLO for the 
same reasons that a great many manufacturers use this 
low-temperature silver brazing alloy — namely — the 
great strength and virtual indestructibility of joints 
brazed with EASY-FLO—plus the speed and economy 
with which they can be produced, 

*EASY-FLO meets SAE Aeronautic Materials Spec. AMS 4770B 


THEY USE THE EASY-FLO FAST BRAZING FORMULA 
PREPLACING the alloy — plus a setup that speeds 
handling and heating --— that’s the formula, Top pic- 
ture shows parts being assembled in circular fixture 
with clips of EASY-FLO wire being preplaced over 
blade ends. At right—as half of fixture rotates, inner 
end of shroud passes through induction heating coil 
section at top. Time cycle for completing each half, 


or 28 joints, is 10 minutes, Blades are nickel steel and 
shroud ring is brass, EASY-FLO is particularly effec- 
tive in joining dissimilar metals. Average strength of 
joints is double the specified minimum pull of 2800 Ibs. 


GET FULL EASY-FLO FACTS AND DISTRIBUTOR LIST 


BULLETIN 20 explains why high-strength, 
speed and economy are inherent in EASY-FLO 
brazing. Also gives useful information about 
joint design and fast brazing methods. A 
copy, with Distributor List, will be sent at your 
request. Write today. 


HANDY & HARMAN 
General Offices: 62 Fulton How Vork 38, ¥. 
DISTRIBUTORS IM PRINCIPAL CITIES 


OFFICES AND PLANTS BRIDGEPORT, CONN PROVIDENCE |. * CHICAGO. ILL. * CLEVELAND, OHIO + LOS ANGELES, CALIF * TORONTO, CANADA * MONTELAL CANADA 
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Barrel Finishing . . . 


Such compounds remove oils and 
greases left on parts from machining 
operations and they keep the abra- 
sive medium clean and free from 
metal build-up. 

Three basic types of mediums are 
in common use — natural, (for exam- 
ple, limestone and granite); manu- 
factured aluminum oxide; and var- 
ious steel shapes. The natural stone 


can be used economically for burr 
removal provided some type of abra- 
sive compound is added. Principal 
disadvantage is the slow rate of burr 
removal. 

If speed is desired, aluminum 
oxide or some form of steel shape 
is advisable as a medium because 
each breaks down faster than natu- 
ral materials and exposes more sharp 
cutting edges. Steel shapes should 
be used with an abrasive compound. 
They may be soft or heat treated 


CBS-HYTRON 
V ICKERS» 
America’s 
Industrial leaders 


BALL AND . 9 
ROL LER B 
EARINGS N V 


B E CORPORATION 


Equipment 


4 


~ 


shrinking, testing 
or treatment 
of metals 


and many other 
uses 


Whether you require high 
production, chilling units, 
laboratory units, high and low 
temperature test chambers, al- 
titude 
units, we can 
needs. 


chambers, or special 


satisfy your 


Follow the leaders. Write today 
for complete line catalog. 


More than 16 years’ experience in manufacturing 
Mechanical Low Temperature Refrigeration 
Equipment 


Cincinnati Sub-Zero Products 
General Offices and Plant 


3930 R6 Reading Road 


Cincinnati 29, Ohio 


for greater hardness. Because they 
are heavier than other mediums, 
steel shapes tend to increase the 
speed of the operation. In the selec- 
tion of any type of medium, size 
should be large enough to prevent 
it from lodging in the part, yet small 
enough to pass through any hole in 
the part. 

Four different methods of barrel 
finishing are (a) processing of parts 
in the loose state (b) use of multiple- 
compartment barrels (c) use of 
arbors or fixtures and (d) self-proc- 
essing of parts. The first is most 
widely used. Best results are ob- 
tained when the barrel is loaded 50 
to 60% full of medium and 15 to 20% 
full of parts. Total mass should not 
exceed 75% of the barrel capacity. 

Care must be exercised on load- 
ing and unloading to avoid nicking 
the work; one technique used is to 
load only a portion of the parts and 
then to jog them back and forth sev- 
eral times so they become buried 
in the medium. A wire basket serves 
as a good way of unloading, if the 
mesh is of a size that the medium 
slides through and the work remains. 

The multiple-compartment meth- 
od is used on parts having a regular 
or smooth peripheral surface and 
too large to go through the door 
opening of machines for loose proc- 
essing. One disadvantage is the 
faster breakdown of the medium 
since the movement of parts in the 
separate compartments is restricted 
in that they must remain in one 
plane. 

Arbors and fixtures have been 
adapted to parts with irregular peri- 
pheral surface since the projections 
might damage both the parts and 
the barrel lining of multiple-com- 
partment equipment. An example of 
this application is transmission end 
plates which were processed 14 per 
load in a 48-in. barrel for 30 min. 
at 20 rpm. A keyed hub was placed 
in the center of each plate and 
fastened in place by three bolts. This 
assembly was placed on an arbor 
and locked in the barrel by a hinged 
collar attached to the end plates of 
the barrel. The time required to de- 
burr these parts completely by hand 
was reduced about 65% with barrel 
finishing. 

Self-processing has been used on 
small punch press parts where fin- 
ish was of no importance. The meth- 
od eliminates the need for separating 
the parts from the medium at the 
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NOW... 


heat treat under 
high vacuum at 
temperatures up to 
2000°F 
... gas-tight 
Inconel retorts 


Bright annealing such active metals as tita- 
nium or zirconium is easy, today. So is 
no-flux brazing of stainless steels. 

New, high vacuum furnaces do away 
with the atmospheric impurities that once 
made such operations difficult. What's 
more, they can even de-gas the metals them- 
selves. 

High Vacuum Equipment Corp. (349 
Lincoln St., Hingham, Mass.) makes the 
new units... turning out a wide variety of 
shapes and sizes for work loads of a few 
pounds to several tons. 


Inconel* keeps retorts gas-tight 
According to the builders, proper opera- 
tion of these high vacuum furnaces calls 
for gas-tight retorts. They must be so non- 
porous that it would take 120 years for a 
thimbleful of air at atmospheric pressure 
to leak in. 

They must sfay gas-tight, too... and 
keep shape despite pressure . . . despite tem- 
peratures to 2000°F .. . despite the tremen- 
dous thermal shocks of water-spray cooling 

. despite oxidation, carburization and 
other forms of attack. 

Inconel nickel-chromium alloy is able to 
handle such an assignment. It has given as 
much as 5000 hours in these high vacuum 
retorts without sign of failure. 

You may be looking for an alloy like 
this... with high and lasting hot strength 
plus corrosion resistance. If so, look into 
Inconel. A new Inco booklet, “Keep Op- 
erating Costs Down When Temperatures 
Go Up”, pictures many ways to use Inconel 
effectively. Write for a copy. 


“He t Trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N.Y. 


akeo, Inconel 


.»- for long life at high temperatures 


JUNE 1956 


Loaded Inconel Retort and part of vacuum producing equipment are 
lowered into combustion chamber of new vacuum furnaces for heating. 
After heat treatment, retort is spray cooled in tank in foreground, Despite 
thermal shock Inconel retort stays gas-tight 
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“40% INCREASE IN LUSTER 
AFTER USING LORCO COMPOUNDS”: 


Removing parts from the barrel, after 
tumbling with Lorco Chips and Compounds. 


How an important Pennsylvania manufacturer 
saved money and solved an unusual barrel- 
finishing problem. 


A large eastern corporation was exploring the possibilities of barrel 
finishing stainless steel frames and heat exchanger units. 


These frames, measuring 56” x 25", required specially designed 
fixtures to hold them in the barrel The first try, according to the 
manufacturer, was a dismal failure. Numerous types of compounds 
and chips in varying combinations were experimented with, but 
none proved satisfactory and costs seemed prohibitive. 


Finally, the only way they could do an acceptable job was to scrub 
the parts by hand with a brush and a soap detergent after tumbling. 
And then they learned about LORCO COMPOUNDS! 


Using fused aluminum oxide chips and Lorco Compounds for 20 
minutes, a load was washed down and the parts removed. Immedi- 
ately it was apparent that the luster was greatly improved. Sub- 
sequent examination with a Gardner Glossmeter showed an increase 
in luster of 40% over anything which had been previously tumbled. 
In low costs, Lorco compounds were also winners . . . 39% under 
the costs of other compounds. 


If you have a tough barrel-finishing problem, be sure 
to try Lorco Chips and Compounds. Today they are 
offering truly amazing answers to the problems of 
scores of manufacturers... for thousands of parts . . 
of all shapes and sizes. Write for detailed information 
about our free sample processing service and your copy 
of the new manual, “The Lorco Method of Precision 
Barrel Finishing.” 


LORD CHEMICAL CORPORATION 


YORK 5, PENNSYLVANIA 


2068 SOUTH QUEEN STREET 


MANUFACTURERS OF BARREL FINISHING COMPOUNDS 
TUMBLING BARRELS — MEDIA AND AUXILIARY EQUIPMENT 


Barrel Finishing . . . 


end of the barrel finishing cycle. 
Abrasive powder was added to the 
barrel to break the surface tension 
which might have caused the parts 
to stick to the sides of the barrel 
and to each other. 

Recommendations for successful 
barrel finishing include these: (a) 
Keep the barrel at least half full of 
medium at all times during the cycle 
to prevent damage to parts or to 
lining; (b) for fast cutting of burrs, 
keep water level low; (c) use only 
enough cleaning compound to keep 
parts and medium clean; (d) on 
ferrous parts a 3 to 1 ratio of medium 
to parts is a good general rule, al- 
though finish requirements may in- 
dicate a ratio as high as 6 to 1; and 
(e) on aluminum parts the ratio of 
parts to medium should be deter- 
mined by the size of the individual 
parts rather than by weight. Maxi- 
mum utilization of the process can 
be realized only on volume produc- 
tion when the medium is not 
changed between runs. 

In conclusion, barrel finishing has 
proved less expensive than hand de- 
burring; it is much faster, it will 
produce a more uniform over-all fin- 
ish and will duplicate results from 
one cycle to the next. 

Artuur H. ALLEN 


Stress-Relief of 
Welded Vessels 


Digest of “Controlled Low- 
Temperature Stress Relieving 
of Pressure Vessels”, by T. W. 
Greene and C. . McKinsey, 
Welding Journal, March 1956, 
Welding Research Supplement, 
p. 145-S. 


[ ™s long been known that tensile 

stresses near the center of a weld- 
ed butt joint in sizable pieces of steel] 
plate equal or approach closely the 
yield point, but that these stresses 
drop sharply within a distance of 
2 in. on either side of the weld and 
are balanced by mild compressive 
stresses in the body of the plates. If, 
therefore, a piece, say, 30 in. long 
and 16 in. wide is cut from such a 
joint, as shown in Fig. 1, a narrow 
central strip perhaps 2 in. wide may 
be regarded as being in heavy ten- 
sion, but the remainder is, on the 
average, in mild compression. The 
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Fast heating, high production soaking 
pits are a specialty of Salem-Brosius. 


Salem-Brosius has earned world-wide 
recognition for rotary hearth furnaces. 


For faster, more efficient heating 
or heat-treating furnaces, it pays 
to call on Salem-Brosius 


Throughout the entire metals industry, Salem-Brosius designed 
furnaces are doing an efficient, low-cost job of heating and heat 
treating. The hardening furnace shown above in cut-away scale 
drawing is typical of high production heat treating furnaces by 
Salem-Brosius. 

Gears, connecting rods, crankshafts and other critical forged 
parts are hardened in this type of furnace. Parts are heated to 
hardening temperature, soaked at this temperature for a controlled 
length of time and quenched—all automatically. Parts are also 
discharged automatically from the quench. This gas-fired, chain- 
belt, conveyor-type furnace is designed for high production, low 
maintenance and efficient operation—typical of all Salem-Brosius 
furnaces. Flexibility of time-temperature control reduces labor cost, 
assures product uniformity and permits variations of the heat- 
soak cycles. 

For any heat treating job— hardening, annealing, normalizing, 
aging, solution heat treating, and other forms—consult Salem- 
Brosius for the best in furnace equipment. 
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| / LEM-DROSTUS, . INC 
CARNEGIE, PENNSYLVANIA 
I~ CANADA: SALEM ENGINEERING LTD. 1525 Bloor Strerr West, Toronto 9, ONTARIO 


NRC Vacuum 


Furnaces 
Save Laboratory 
Man-Hours 


1 Unique charging assembly 
and air teck allow unlimited 
bulk additions without breaking 
vocuum .. . maximum use of cru- 
cible capacity. 


2 Gauging . . . provides accurate, 
continuous pressure information 
. resists contamination . . . re- 


duces maintenance. Two views of NRC 50-Ib. capacity Vacuum Induction Furnace Model 2555. National Research designs 


3 immersion thermocouple pro- and manufactures induction, arc, or resistance vacuum furnaces for metal production, heat treating, 
vides accurate temperature in- investment casting, sintering, and brazing. 
formation — can be replaced 


without breaking vacuum. 


4 NRC Rotary Gas Ballast 
Pump maintains high efficiency, 
fast pump-down time even on the 
muggiest days. 


5 Controls functionally 
grouped at two floor-level op- 
erating positions speed (a) charg- 
ing and melting . . . (b) mold posi- 
tioning and pouring. 


6 Alley charging containers 
permit alloy additions in any 
order and at any rate. 


Coaxial feed-thru minimizes 


power loss .. . eliminates ex- 
plosion hazard . . . reduces main- 
tenance .. . facilitates crucible 
changes. 


4 Horizontal tank with deep 
door gives maximum accessi- 
bility, flexibility, ease of main- 
tenance. 


Mold turntable permits “split 
heat” alloy techniques, or casting 
varied size ingots from same heat. 


10 Rotary capacitance selector 
(on control panel — not shown in 
pictures) facilitates matching ca- 
pacitance to load. 


NRC EQUIPMENT CORPORATION 
A Subsidiary of 
NATIONAL RESEARCH CORPORATION 
Dept. 16, Charlemont St., Newton Highlands 61, Massachusetts 


Send me Date Sheet on NRC Vacuum Furnace 2555 
NRC Vocuum Furnace Bulletin || Have your representative call 


include: dehydrators, 
freeze driers, gas ono- 


NRC 


— valves, vacuum equi PMENT 
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“DRIVER-HARRIS TRAYS give a far 
lower heat-hour cost than any others 
we have used”... says Minneapolis-Moline 


SSO) 
} Minneapolis - Moline’'s 
= 


new 
drive mechanism as 
used on their 445 trac- 
tor, which Minneap- 
olis-Moline describes 
as “new from radiator 
to drawbar.” 


In heat-treating gears for the “Ampli- 
Torc’’ drive, these trays give an average 
life of 3000 hours of intermittent heating 
to 1700° F. and quenching. 


surfaces. These and all other gears made by 
this highly regarded manufacturer are heat- 
treated in trays of a Driver-Harris Alloy, ex- 
pertly designed to their requirements by 
Driver-Harris. 


Minneapolis- Moline’s “Ampli- 
Torc” drive mechanism on their 
new M-M 445 tractor enables the 
operator to choose two forward 
speeds in each gear setting with- 


When it comes to heat-treating fixtures, 
trays, pots, retorts or muffles, you gain two 
distinct “bests” by ordering from Driver-Har- 
ris. You gain the benefit of our 38 years of 


Chromox*, Cimet’, 


made only by 


JUNE 1956 


out stopping, clutching, shifting 
gears, or changing throttle. This 
allows a wide range of 10 for- 
ward and 2 reverse speeds. 


The gears for the “Ampli-Torc” demand 
fine steel—and heat-treating with special care. 
The gears must be uniformly exposed on all 


BRANCHES: Chicago, Detroit, Cleveland, Louisville, Los Angeles, San Francisco 


experience in supplying the alloys which keep 
your heat-hour costs down to the absolute 
minimum — plus Driver-Harris engineering 
know-how in designing furnace fixtures that 
exactly fit your needs. Specify D-H alloys, as 
do Minneapolis-Moline and many other lead- 
ers of American industry, and both these bene- 
fits can be yours. 


*T.M, Reg. U. Pot. OF 


) Drwer-Harris HARRISON, NEW JERSEY 


COMPANY 


* In Canada: The 8. GREENING WIRE COMPANY, Lid, Hamilton, Ontario 


MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD 
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the only type of furnace that 
will UNIFORMLY HEAT TREAT 
large volume production of 


small work such as shot. 


* 

Heat treated steel shot as regularly produced in large 
volume by Wheelabrator Corp., Mishawaka, Indiana, is 
proven to outlast many times the previously equivalent kinds 
of shot, which were not heat treated. The only practical 
kind of furnace to do this kind of work is a rotary furnace 
such as illustrated. . 


Work handling is simplified and convenient. The con- 
stant rotation insures positive, uniform and rapid heating. 


AGF factory trained engineers and metallurgists are 
available in principal industrial centers. Installations may 
be seen wherever industrial gas is available. For positive 
results and for practical economy call AGF PIONEERS. 


Write for Bulletins No. 1212A and 805 


AMERICAN GAS FURNACE CoO. 


1002 LAFAYETTE STREET — ELIZABETH 
“Bioneers since 1878" 


Heating Pattern 


Fig. 1 — Longitudinal W elded | Seam 


Fig. 2 —Stress-Strain 
Conditions in the Weld 


Strain 


r= $ 


respective positions on a stress-strain 
curve (Fig. 2) are at W (the yield 
point, or about 45,000 psi. for tank 
plate) and at C, 

This piece of steel may now be 
strained an amount equal to S (Fig. 
2) in a tensile machine; the metal in 
the outer strips is below the yield 
point, at C’, and still in the elastic 
range. The central part of the weld, 
however, already at its yield point, 


. Stretches plastically and its con- 


dition is represented by point W’. 

When the tensile load is relieved, 
the outer portions of this composite 
sample elastically contract to a con- 
dition near the origin O — that is to 
say, have practically no residual 
stress. Likewise, the overstrained 
center also contracts along a line 
parallel to the stress-strain curve, and 
winds up in a condition represented 
by point R — that is, with very little 
stress indeed when compared with 
its as-welded condition. 

It follows from the above that it 
should be possible to relieve longi- 
tudinal stresses in welded joints if 
narrow strips on either side of the 
weld are expanded slightly by local- 
ized heating, either with a bank of 
electric resistors or by heating flames. 
If you make the further assumption 
that the outer 6-in. strips in com- 
pression balance the tension in the 
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ZIRCONIUM -MAGNESIUM MASTER ALLOY 


Both large and small foundries give many reasons 
for preferring TAM Master Alloy. They find 

it readily soluble in production heats of 
magnesium. Recoveries are high. Practically 

no fuming is experienced. And the notch bars 
are easy to handle and store. 


Proved in Use... 


The magnesium product has a refined grain 
structure — gains high strength at elevated 
temperatures. It is free from microporosity or 
microshrinkage and is “cleaner”. 


Approved Users 


Your first order will prove to you that 

TAM Master Alloy is a most economical and 
convenient method to use in introducing 
Zirconium to production heats of magnesium. 


TAM * 
PRODUCTS 


TITANIUM ALLOY MFG. DIVISION 
NATIONAL LEAD COMPANY 
Executive and Sales Offices: 
111 Broadway, New York City 
General Offices, Works and Research Laboratories: 
Niagara Falis, New York 


Your order or your inquiry will receive prompt attention when addressed to our New York City office. 
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Stress-Relief . . . 


central 4-in. strip, one can compute 
that these outer strips should be 
heated to about 310° F. in order 
to relieve the stresses effectively at 
the center. This idea was widely 
used during World War II under the 
somewhat inaccurate name of “con- 
trolled low-temperature stress-reliev- 
ing process”. The equipment was a 
traversing device whereby two 
multiflame heads produced brush- 
like flames 6 in. wide which strad- 
dled the joint and moved uniformly 
along at sufficient speed to heat the 
metal to 350° F. It is important 


that the 4-in. wide central strip be 


Residual Stresses in Welded Tank 


LOCATION 


Head seam 


Girth seam 36,700 
Longitudinal seam 51,283 
Intersection 35,350 


LONGITUDINAL 


Berore Revier 


31,100 psi. 


TRANSVERSE 


ArrTer RELIEF AFTER RELIEF 


4,817 —3,108 
—4,917 —1,275 
9,383 942 

1,100 —2,100 


unheated, and therefore quenching 
heads, spraying the plate with 
water, follow 6 to 8 in. behind the 
advancing flames. Temperatures are 
checked by Tempilsticks — fusible 
crayons for 350, 400 and 450° - 
crossing the joint, inside, at short 
spacings. The 450° F. streak should 
never melt; the 400° F. for about 
2 in. only in the thicker plate; the 


THIS is No Ordinary Power Hack Saw Blade 


This is the unbreakable MARVEL 
High-Speed-Edge Hack Saw Blade 
—the first bi-metal blade—invented, 
developed and introduced by 
MARVEL. This blade is a combina- 
tion of two materials best suited to 
the requirements of an efficient hack 
saw blade . . . a narrow high speed 
steel cutting edge permanently 
welded to a tough, non-brittle alloy 
steel body. Each blade is triple tem- 
pered to assure long life and maxi- 
mum toughness to the cutting edge. 

With a MARVEL Blade, you can cut 
any material—from the free machin- 
ing steels to the toughest alloys. . . 
fast, accurately and economically. 


You can tension a MARVEL Blade 
from 200% to 300% tauter than any 
ordinary blade, permitting much 
higher speeds and heavier feeds 
without deflection or breakage. 

Like all good things, attempted 
copies of the MARVEL Blade have 
been numerous, but its performance 
has been unequalled by any of the 
imitators. Ask for MARVEL Blades by 
name and you can be sure you're 
getting the best on the market. Lead- 
ing Industrial Distributors have 
them in stock. 

Write for latest cutting tool Bul- 
letin and the name of your nearest 
MARVEL Distributor. FB-1020 


ARMSTRONG-BLUM MFG. CO. 5700 W. Bloomingdale Ave., CHICAGO 39, U.S.A. 


350° F. should show two heat bands 
5 in. wide. Speed of advance of 
heating flames is adjusted to the 
plate thickness: 24 in. per min. for 
0.5-in. plate; 16 in. per min. for 0.75- 
in. plate; 10 in. per min. for 1-in. 

While this scheme proved success- 
ful for flat plates it was not until 
1945 that an opportunity arrived 
to test it on three propane tanks, 
8 ft. diameter, 50 ft. long, welded 
of 0.80-in, plate and with 1.06-in. 
dished heads, designed for 200 Ib. 
working pressure. The steel was fire- 
box quality, A.S.T.M. specification 
A-212, with yield strength of about 
42,500 psi. 

SR-4 electric resistance strain 
gages were affixed at typical points 
at a head seam, a girth seam, a 
longitudinal seam, and at an inter- 
section. Two gages were used both 
inside and outside; one was longi- 
tudinal to the weld, the other was 
transverse. Three-inch plugs contain- 
ing these gages were then trepanned, 
and the locked-up stress at each lo- 
cation computed from the change in 
strain and the modulus of elasticity, 
using the equations for a two-dimen- 
sional stress system. 

Next all three tanks were stress- 
relieved with traveling flames, as 
above recommended, and _ similar 
plugs trepanned at corresponding 
points, and from them the residual 
stresses were computed. Results 
from all three tanks were consistent. 
Averages are shown above (where- 
in — means compression). 

Simultaneously, distortion due to 
flame relief was measured by gage 
marks and a mechanical gage ac- 
curate to less than 0.0001 in. per in., 
and it was found to be about one- 
third that expected to be caused by 
the 200-Ib. working pressure. 

Similar tests were made on 2.5 
and 3.5-in. welded plugs. Strain re- 
lief by heating a circular band cut 
the maximum stresses on the order 
of 32,000 psi. in tension in both di- 
rections to an average of 8650 psi. in 
tension. The maximum compressive 
stress found in the heated strip 
around the plugs was 17,300 psi. @ 
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GLOBAR Heating Elements in this 
AMERICAN ELECTRIC /u/nace /e/p 


AMERICAN POWDERED METALS, INC. 
furn out quality parts at a saving 


@ This special sintering furnace at American Powdered Metals, Inc. has 
a heating chamber six feet long... equipped with 24 GLopar® AT Type 
Heating Elements with a connected load of 60 KW. An 11-inch wide 
conveyor belt is controlled with a variable speed conveyor drive mechanism 
Furnace is complete with muffle and water-jacketed cooling chamber 
Designed and built by American Electric Furnace, Inc., Boston, Mass. 


PRODUCTION SINTERING of precision-tolerance parts requires 
concentrated high temperatures, accurately controlled. GLOBAR® Silicon 
Carbide Heating Elements, installed in modern electric furnaces, 

provide the dependable, uniform heat that helps manufacturers like American 
Powdered Metals, Inc. achieve high-speed, low-cost production, 


GLOBAR HEATING ELEMENTS will handle your heating 
assignments efficiently and safely, even under peak loads. In addition, 
heating with GLOBAR Heating Elements is clean...free from dirt, 

noise and fumes. To get immediate help in solving any heating problems 
you have, write The Carborundum Company, Dept. MP 87-616, 

Niagara Falls, New York. No obligation. 


FOR COMPLETE INFORMATION Of GLOBAR® 


Heating 
Silicon Carbide Heating Elements, plus mounting and control 


recommendations, write for Bulletin “H.” 3 YEARS EXPERIENCE Elements 
AT YOUR SERVICE 


y CARBORUNDUM 
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INVESTMENT 
CASTING IS 

ECONOMICAL 


© Performance requirements demand use of alloys that are difficult to form 
or machine. 


© Intricate shape or unusual contours cause expensive machining, finishing, 
and /or assembly costs. 


© Production runs too small to warrant machine set-ups. 
© Part sizes are smaller than 10” or lighter than 10 pounds. 
© Realistic tolerances and inspection standards are specified. 


ARWOOD engineers will gladly help you with your design and production 
problems. They are casting specialists. Let them study your blueprints or 
a sample part and save you time, effort and money. 


A CASE IN POINT! 
LIGHTER, STRONGER, CHEAPER 


Stainless steel hinge for military ordnance com- 
ponent was formerly composed of a stamped bracket 
and machined hinge, welded together and assembled 
to a complicated anti-rotation device. Entire unit is 
now cast in one piece and is lighter and stronger. 
Hole-reaming is only machining required. 


Write TODAY for your FREE copy of “A Critical Survey 
of Investment Castings”, written especially for design 
and production engineers. 


ARWOOD PRECISION CASTING CORPORATION 
319 W. 44th St. bd New York 36, N.Y. 

Plants; Brooklyn, N. Y. ® Groton, Conn. © Tilton, N. H. © Los Angeles, Collif. 
“PIONEERS IN INVESTMENT CASTING" 


Current Research 
in the United States 


Digest of “Trends in Metal- 
lurgical Research in the United 
States”, by Edgar C. Bain, Jour- 
nal of the Iron and Steel Insti- 
tute, Vol. 181, November 1955, 
p. 193 to 212. 


ne Eighth Hatfield Memorial 

Lecture before the British Iron 
and Steel Institute in October 1955 
consisted of a broad review of re- 
search trends. American publications 
indicate an increasing preponder- 
ance of theoretical treatment accom- 
panied by critical experiments to 
test these theories. Several examples 
are summarized. 

A foremost development in X-ray 
diffraction technique is the replace- 
ment of photographic film by elec- 
tronic counters, for more accurate 
intensity and angle measurements. 
X-ray diffraction is being used to 
measure elastic strain, particularly 
the difference of interplanar spac- 
ing of planes nearly parallel to the 
surface and a set of corresponding 
planes at about 45° to the surface. 
Diffusion penetration curves are be- 
ing determined by absorption tech- 
niques. Neutron diffraction is useful 
in studying alloys made up of ele- 
ments adjacent in the periodic table. 
A particularly useful technique for 
chemical analysis is X-ray spectros- 
copy, or fluorescence analysis. 

Martensitic transformations have 
been studied in sodium and lithium. 
Current theories for the mechanism 
of the martensite-type transforma- 
tion are (a) nucleation and growth, 
and (b) nucleation by strain embryo 
and propagation by a cooperative 
displacement of the austenite atoms. 
Attention is being paid to deforma- 
tion of austenite induced by the 
volume change accompanying trans- 
formation in steel, and details of the 
orientation relationships in the trans- 
formation are being predicted theo- 
retically. 

Reasonable unanimity exists in 
the details of the tempering of mar- 
tensite. The four stages of temper- 
ing have been established on a firm 
basis by Cohen and co-workers, and 
by Jack. The much-discussed 500° F. 
embrittlement is thought to be 
caused by a more or less continuous 
cementite network around bound- 
aries of martensite needles. 


During World War II boron be- 
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MALLORY:- SHARON 
reports on 


Certified titanium strength 


helps Bell Aircraft cut fabrication time 


@ In stretch forming titanium sheet 
parts, Bell Aircraft found variable 
springback an annoying problem— 
requiring expensive hand line-up and 
re-working. Springback variations 
of several degrees were encountered 
with sheets of different strength 
levels. 


Mallory-Sharon’s strength certifica- 
tion has aided Bell's successful effort 
to reduce time, work and scrap loss 
in titanium fabrication. Using sta- 
tistical quality control, we certify 
the average strength of each tita- 


nium heat, and further certify that 
97.5% of the heat lies within narrow 
limits of this value (such as + 5000 
psi). 


This simplifies segregation of incom- 
ing material into close strength 
ranges. Bell color codes and handles 
each strength level separately. In 
addition, hot forming techniques 
have been perfected to reduce vari- 
able springback. 


Quality certification is another first 
from Mallory-Sharon contributing 
to the rapid advance of this new 


MALLORY-SHARON TITANIUM CORPORATION, NILES, OHIO 


MALLORY 
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metal. Call us for your requirements 
in titanium and titanium alloy mill 
products, and for technical assist- 
ance in application, 


Bell Aircraft produces complete engine pods 
Jor the Boeing B-52 jet bomber. Extensive 
use of titanium in these pods saves approxi- 
mately 400 pounds gross. 


SHARON 
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A Product of the 
Hoover Company, 
North Canton, Ohio 


STEAM OR DRY IRON 


MODEL 013 


This new Hoover Model 013 Steam or Dry Iron offers a host 
of unique features such as a stainless steel sole plate, easy dis- 
assembly for descaling of flash chamber, cast-in tubular sheath 
type heating element and other evidences of progressive engi- 
neering. The dial settings for all fabrics, either steam or dry 
ironed, and the reliable Chace Thermostatic Bimetal element 
are features users may depend on for safe, fast, faultless ironing. 


The various temperature settings are obtained by varying the 
stress on the contact springs by turning the Safety Set selection 
dial. The bimetal element deflects as the temperature of the 
adjacent sole plate increases. When the sole plate reaches the 
set temperature, the bimetal has bent in the amount necessary 
to separate the contacts and break the power circuit. The 
thermostatic bimetal element separates the contacts by pressing 
against the upper contact spring through a ceramic pin attached 
to the outer end of the element. As the sole plate cools, the 
bimetal straightens, permitting the contacts to close, thus 
completing the power circuit. 


Chace Thermostatic Bimetal is available in 29 types, in strip, coil or 
completely fabricated and assembled elements made to your specifica- 
tion. Write for new 44-page booklet, “Successful Applications of Chace 
Thermostatic Bimetal,” containing interesting uses of bimetal, for- 
mulas, calculations, etc. 


WW. M. CHACE Co. 


1626 BEARD AVE., DETROIT 9, MICH. 
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Research .. . 


came an important auxiliary agent 
to enhance hardenability, but scien- 
tifically, the mechanism remains ob- 
scure. It has been found that boron 
delays the transformation in iron- 
boron alloys, and that boron can 
substitute for carbon in cementite to 
form boro-cementites. 

In electron metallography a new 
extraction replica technique has a 
two-fold function: It provides a con- 
ventional replica of the topography 
of the etched surface, and it under- 
mines and extracts particles of the 
segregate phase so that they will 
adhere to the replica on stripping. 
The electron microsco is being 
profitably used to study the bain- 
ite reaction. Electron emission 
microscopy has exciting potential- 
ities in metallurgical research. 

Nachtrieb has proposed an inter- 
esting theory for the diffusion mech- 
anism called the “relaxed vacancy 
model”. It involves the movement 
of a 12 to 14-atom region of disorder 
relaxed about a vacancy as in liquid 
metal structure. This theory predicts 
that the activation energy for self- 
diffusion is 16.5 times the latent heat 
of fusion. 

The dislocation theory is being 
refined and made more useful. Criti- 
cal experiments to test the theory 
include grain-boundary movement 
under stress, spacing of etch pits in 
grain boundaries, polygonization, 
spiral growth of crystals, and fila- 
mentary crystals. 

Much information on fatigue 
mechanism is being deduced by 
making replicas of fatigue surfaces 
periodically during cycling, to yield 
permanent records of structural de- 
tails. Six distinct stages of fatigue 
fracture are discernible. 

In attempts to evolve fundamen- 
tal factors which determine the ma- 
chinability of a metal, it was found 
that sulphur acts to decrease fric- 
tion between chip and tool and re- 
duction of shear strain during chip 
formation. 

A great deal of research is being 
conducted on the mechanism of brit- 
tle fracture and tests for evaluation 
of materials. Studies involving the 
actual individual grain behavior have 
been particularly fruitful. 

Purification of metals by zone 
melting has become an important 
metallurgical technique, particularly 
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heat resisting castings 193° 
1940 


have served the needs of indestry 


for nearly a quarter century 1943 


1945 
1946 
take a look Back over our shoulders at the years 1947 


that have pasged since we first started serving the 1948 


needs of industry Witt heat resisting castings. |t hardly seems 1949 


Just gecently we had occasion to 


possible, but nearly a qgarter of a century has passed since we first 
opened our doors, We've msde a jot of friends in that time and have 1950 
E gained great satisfactionfrom knowing that we've been able to solve a lot 1951 
of stubborn protiems for them, With high temperature playing an eve: 
increasing role in ove expanding industry, we find ourselves called upon 1952 
more and more to sole the problems that high temperature service 
conditions impose, We're gratified at the confidence that the name 
FAHRALLOY hae come to mean, and we hope that as the occa- 
sion arises you'licall oF, Us and learn from your own per- 
sonal experience that wheneve: the problem is 


heat the solution is FAHRALLOY. 


» THE FAHRALLOY CoO. 


150th & Lexington Ave. — Harvey, Illinois 
in Canada — Fahralloy Canada, Ltd., Orillia, Ontario 
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NIAGARA SECTIONAL 
Aero HEAT EXCHANGER 
gives close temperature control, 
saves you LABOR, Power, Water 


@ Because the new design improves the heat transfer to the 
out-door air by evaporation. 


@ Because new features keep your equipment working for long 
life with “new plant” efficiency...always full capacity. 


@ Because you save 95% of cooling water cost. 


You get faster, more accurate cooling of industrial fluids to specified 
temperatures. 


You improve your quality of production by removing heat at the rate 
of input. 

You save labor in upkeep. With full access to all interior parts and 
piping you see everything in easy inspections. You head off dirt accumu- 
ation and corrosion. Casing panels are removable without moving the 
coils. The coils can be cleaned from both sides. 

First cost is low; freight is low because of the lowest space/weight 
ratio; you save much labor in erection. Capacity range is 7,000,000 to 
18,000,000 Btu/hr. No other heat exchange ; 
method gives you so much saving in money 
and convenience. 

Write for Niagara Bulletin 132. Ask for the 
full story of how you can save expense in your 
plant and improve your product's quality. 


NIAGARA BLOWER 
COMPANY 


Dept.M.P., 405 Lexington Avenue 
NEW YORK 17, N.Y. 


District Engineers in Principal Cities 


NI RA Over 40 Years Service in Industrial Au Engineering 


Research . . 


in the field of semiconductors; cur- 
rent efforts are toward the develop- 
ment of continuous zone melting. 

Thermodynamic activity of com- 
ponents of alloys and compounds is 
being determined by gaseous equi- 
libria, two-layer distribution, elec- 
tromotive force, vapor pressure, by 
high-temperature galvanic cell, and 
by calorimetry. 

Studies by Chipman and collabo- 
rators on the physical chemistry of 
steelmaking continue, including such 
subjects as free energy of com- 
pounds, deoxidation, and slag-metal 
studies. Definitive research is being 
done on hydrogen in liquid steel 


and slags. 
and slags J. W. Spre nak 


Oxidation Resistance of 
Aluminized Steel 


Digest of “The Heat Resist- 
ance and Applications of Hot 
Dip Aluminized Steel’, by M. L. 
Hughes and D. F. G. Thomas, 
Metallurgia, Vol. 52, November 
1955, p. 241-245. 


1E RESISTANCE of steel carburiz- 

ing boxes and annealing covers 
to oxidation at high temperatures 
has been improved by cementation 
or spraying with aluminum, but 
dipping in molten aluminum is more 
convenient for sheet, strip and wire. 
A method developed by the British 
Iron and Steel Research Assoc. to 
prevent oxidation of the steel before 
dipping is to apply a thin film of 
either copper or glycerol. Glycerol 
is preferable because it burns to 
form a protective atmosphere. 

Samples of coated sheets were 
heated for 2000 hr. in an open 
muffle furnace at temperatures be- 
tween 930 and 1470° F. either in 
air or in air contaminated by a little 
sulphur dioxide. With 6% silicon in 
the aluminum the luster of the coat- 
ing’ was maintained up to about 
1100° F. Samples with cut edges 
gave erratic results because of scal- 
ing of the steel bared by the cut so 
most of the tests were made with 
specimens whose edges were coated. 
Specimens with sprayed coatings, 
some containing silicon or cadmium, 
were tested along with the hot 
dipped specimens. 

Results of 1600 to 2000-hr. tests 
in air at 1140, 1290 and 1470° F. 
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See the new Saw 


from C-B Tool Company 
WEIGHS LESS 

S Less, 

BETTER 


The C-B Tool Co. Story 
It was easy! Engineers from C-B Tool 
Company, Lancaster, Pa. and Ostuco 
in Shelby worked out a welded steel 
tubing component to replace a heavy, 
bulky oil reservoir and to serve as a 


handle for the new saw. See the differ- 
ence this makes in the new Lancaster 


Model 400A chain saw: 
* Saves Cost—$4.25 on each chain saw! 


* Saves Weight—3 pounds on each unit! 
Works better—Saw now has positive, 
continuous oiling instead of push-button 


oiling by the operator. 


OSTUCO TUBING 


OSTUCO 


annie 


SEAMLESS AND ELECTRIC WELDED STEEL TUBING 
—fabricating and Forging 
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If you have trouble with see-sawing 


production costs and quality, 
OsTuco may have the answer to your 


problems. Unique single-source 


service eliminates interplant shipment, 
reduces error, gives better production 


control. See about it... see Ostuco! 
Contact the Shelby office or your nearby 


Ostuco Sales Engineer for details, 


OHIO SEAMLESS TUBE DIVISION 
of Copperweld Steel Company *« SHELBY, OHIO 
Birthplace of the Seamless Steel Tube Industry in America 

SALES OFFICES: BIRMINGHAM * CHARLOTTE * CHICAGO (Oak Pork) 
CLEVELAND * DAYTON © DENVER © DETROIT (Ferndale 
HOUSTON * LOS ANGELES (Beverly Hills) * MOLINE 

NEW YORK © NORTH KANSAS CITY * PHILADELPHIA 

PITTSBURGH * RICHMOND ROCHESTER ST. LOUIS 

ST. PAUL * SALT LAKE CITY © SEATTLE * TULSA * WICHITA 
CANADA, RAILWAY & POWER ENGR. CORP, LTO 

EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY 


225 Broadway, New York 7, New York 
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Aluminized Steel . . . 


show that the dipped coatings of 
pure aluminum oxidized more slowly 
than those containing silicon and 
much more slowly than the sprayed 
’ coatings. After 1600 hr. at 1140° F. 
the aluminum dipped coatings 
gained about 0.4 mg. per sq.cm.; at 
1290° F. about 0.7; and at 1470° F. 
about 7.5. The aluminum-silicon 
coatings gained about 1.6, 6 and 
9.5 mg. per sq.cm. at the same tem- 
peratures and the sprayed coatings 
gained up to 4.5 mg. per sq.cm. at 
1140° F. and up to 38 at 1290° PF. 
The tests in air contaminated by 
sulphur dioxide were made in a 
vertical tube furnace for 490 hr. The 
results at 1140 and 1290° F. were 
about the same as in uncontaminated 
air. At 1140° F., uncoated steel 
gained 12.5 mg. per sq.cm. in 490 
hr.; the coated steel gained less than 
1.5. At 1290° F., the gain was 213 
for the uncoated and 1 to 3.9 for 
the coated samples. At 1470° F., 
the coated samples in air without 
sulphur dioxide gained 3.1 to 5.6 mg. 
per sq.cm. compared to 6.8 to 24 
in the contaminated atmosphere. 
Creep resistant steels can be alu- 
minum-coated if strength at high 
temperature is required in addition 
to oxidation resistance. Tests by So- 
Shieldalloy Chromium Metal are gs 
I s and low carbon content, this O48 
— ws fer vacuum and air melting manu- heated 24 hr. a 1350° F. in sul- 
metal is a ne erature alloys, where high purity phur-bearing gases, and aluminized 
facture of hig a Available in lump 98 and 99% steel with 0 to 18% chromium lost 
chromium ls required. wder 98% minimum Cr only 0.1% in 192 hr. at the same 
minimum Cr grades, and in po temperature. Aluminized steel lost 
grade. only 0.1 mg. per sq.cm. in 50 hr. 


Alloys of Chromium for exposure to hydrogen sulphide at 


1110° F., while 18% Cr steel lost 55 

imental Purposes to 90 mg. per sq.cm. under the same 
Exper conditions. Stainless steel has been 
replaced su cessfully by hot dipped 
aluminized low-alloy steel in diesel 
engine exhaust manifolds and mili- 
tary tank heat exchangers for use 
at 900° F. 

Thicker aluminum coatings give 
longer service but are more likely 
to spall with sudden changes of 
temperature. Heat treatment of the 
coated articles to promote diffusion 
decreases the spalling tendency but 
also reduces the heat resistance. Dif- 
fusion should not be allowed to re- 
duce the aluminum content at the 
surface below 104. 

G. F. Comstock 
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put your finish on a sound phosphate base... 


NORTHWEST INTERLOX 


Interlox was developed by Northwest's Cleaning Specialists to give you 
a better, more corrosion resistant, more easily controlled phosphate 


base for your organic finishes. It exceeds most government specifications. 


Deposited as a fine, dense grain coating, Interlox is designed for spray 
or immersion type baths—zinc phosphate coatings or iron phosphate 
coatings. 


Interlox deposits at a very rapid rate thus assuring a high-quality, 
uniform coating throughout the unusually long life of the bath. 


Northwest's production-tested chemicals and "Right the First Time” 

recommendations will save you money. For the complete story on 

Interlox or any of the other Northwest Chemicals write or phone for a 
Got a problem? 


Let our cleaning Cleaning Specialist. 
experts help you! 


Me 


ae 


| 
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||| 
CO. 
‘3 pioneers in pH cleaning control serving you since 
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VACUUM 
MELTING | 


service 
and 


Now available are: 


stainless, tool and die, magnetic steels — 
high-temperature, corrosion-resistant, ex- 
pansion alloys—bearing steels — electri- 
cal and electronic alloys — special alloys 


IGHT NOW .. . Cannon-Muskegon 

provides you with a ready source of 
super-clean, superior strength alloys to 
meet complex metallurgical applica- 
tions. Our completely equipped and 
expertly staffed vacuum melting facili- 
ties as well as chemical, physical and 
metallurgical laboratory can help you 
find, test and produce vacuum 
melted alloys for any application... 


We offer industry 


@ Materials for remelt — 


under conventional air melting, inert 
gas, vacuum. 


@ Casting development — 


in test or production quantities... 
with accurately predictable properties. 

Ferrous, nickel and cobalt-base alloys 
are poured at pressures from 1 to 10 
microns — resulting in extremely clean 
metals for smoother surfaces... 
greater tensile strength, ductility and 
wear life...and higher electrical and 
magnetic properties. Contact Cannon- 
Muskegon for facts. 


includes research and experimental fa- 
cilities for investment, shell mold, dry 
sand, and permanent mold castings. 


@ Ingots or cast billets — 


for rolling, forging or extruding in indi- 
vidual weights up to 250 pounds. 


Finest laboratory and production 
equipment is used in our vacuum- 
melting operation ... available to 

ou, Let our metallurgical special- 
hee help you solve your alloy 
problem. 


For full particulars 
write for ovr 
Bulletin on Vacuum- 
Melting and Air-Melt- 
ing facilities, prod- 
ucts ond service. 


2879 Lincoln Street 


MET 
VACUUM-MELTED ALLOYS ¥ 


FOR INDUSTRY 


CANNON-MUSKEGON 


CORPORATION 


Muskegon, Michigan 


METALLURGICAL SPECIALISTS 


Grain-Boundary Creep 
in Aluminum 


Digest of “Grain Boundary 
Creep in Aluminum Bicrystals”’, 
by F. N. Rhines, W. E. Bond and 
M. A. Kissel, @ 1955 Preprint 
No. 14 (Transactions, American 
Society for Metals, Vol. 48, 1956, 
p. 919). 


HEN grain-boundary creep is 
measured parallel trans- 
verse to the direction of load of 
aluminum bicrystals, entirely differ- 
ent results are obtained. The metal 
along the grain boundary which is 
parallel to the stress direction elon- 
gates in a regular manner. Such elon- 
gation is similar to that of the speci- 
men as a whole, except at a slower 
rate. Transverse to the direction of 
load, however, the start of yielding 
is delayed until the termination of 
a more or less extended induction 
interval. Thereafter, shear resumes 
at the original fast rate, only to 
diminish to zero, and this continues 
in an irregular sequence of surges. 
Bicrystals of 99.95% pure alumi- 
num were oriented at 45° to the 
tension axis and perpendicular to the 
reference or observed surface. A ref- 
erence pattern was photo-engraved 
upon the broad face of each speci- 
men. At three points along the grain 
boundary the horizontal displace- 
ment of bisected squares was meas- 
ured and averaged. Simultaneously, 
measurements were made of the 
elongation of each of the two crys- 
tals parallel to the stress axis. The 
vertical displacement along the grain 
boundary was also measured. 

Measurements made parallel to 
the applied stress do not record the 
lateral displacement of one grain 
with respect to the other, as they 
would if grain-boundary displace- 
ment were a shear upon a single in- 
terface between the two grains. This 
can only indicate that the lateral dis- 
placement of grains is occurring in a 
layer of metal of known thickness. 
The layer is extending at a nearly 
constant rate in the stress direction, 
even though yielding transversely in 
a sequence of surges. 

The direction of grain-boundary 
gliding is insensitive to the orienta- 
tion of the adjacent crystals. Motion 
is always in the direction of the 
maximum shear stress resolved into 
the plane of the grain boundary. 
However, the relative orientation of 
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5 te 50 KV 


Small os a filing cabinet, 
yet it will x-ray anything 
wp te thick olum- 
inum. Self-contained, 
completely rayproof. 


is fair game for this versatile inspection method ...weldments, 


Wouldn't you like to be that sure about duds in 


your own production? Nondestructive radiography 


(either x-ray or gamma ray) could do it for you maybe. 


Anything you buy or sell which needs “seeing inte” 


castings, assemblies, plastics, wood, metal... right across the board 


from paper-thin stuff to foot-thick steel. 


If you need to spot hidden defects to keep a firm finger on quality 


control, we'll be glad to tell you what radiography can do tor you.* 


* There's probably a Picker District office near you (see local ‘phone book), Or write 


Picker X-Ray Corporation, 25 South Broadway, White Plains, New Y ork. 


150 KV 


Penetrotes up to 1°" steel! 
ond aluminum 
(more with screens). Sto- 
tienery or mobile for 
«-roying. 


250 KV portable 

Rugged, lightweight 250 
KV tubeheod with sepor- 
ate remote power chossis. 
Will enter openings os 


smoll os 15°" squere. 


one source for everything in 
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RADIOGRAPHIC 
CABINETS 


Royproof enclosures obvi 
ate need for lead-lined 
rooms. Available with or 
without feeder tobles. 


260 KV crane or dolly 


For heavy duty inspection 
(up to 3° steel). Oper- 
ating dows to 60 KV, will 
@ wide ronge of 
other materials. 


GAMMA Sources, 


Panoramic, circumferen 
tiel, end directional pre 
sectors wsing cosiom, iv 


idium of cobalt isotopes 


radiography and flucrescepy 
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EASIER 


with Bausch & Lomb job-tailored equipment 


Compact 4-in-1 unit 
efficiently handles all 
micro and macro work: 


1. Visual microscopy 


2. High power photomicrography, with 
transparent and Opaque specimens 


3. Low power photomacrography, with 
transparent and opaque specimens 


4. Photocopying 


Bausch & Lomb 
Model L 
Photomicrographic 
Equipment 
Catalog E-210 


On-the-spot photo records 
and projection slides 


Fits microscope eyepiece tube . . . 
photographs what you want, when 
you want it! Simultaneous focus 
of visual and film images assures 
vivid, detailed pictures. 35mm or 
2% x 3% film, color and black- 
and-white. 


Bausch & Lomb Model N 
Eyepiece Camera, Catalog E-21 


WRITE FOR INFORMATION 
AND DEMONSTRATION 


Please specify Catalog Number(s). Dem- 
onstration on request; no obligation, of 
course. Address Bausch & Lomb Optical 
Co., 83506 St. Paul St., Rochester 2, N. Y. 


Amenca only Complete a! source trom glans to 


Grain-Boundary Creep... 


the adjacent crystals exerts a pro- 
found influence upon the rate of 
gliding and this effect persists 
through many cycles of motion and 
rest despite considerable distortion 
of the metal in the grain boundary. 
The velocity of gliding increases with 
the sum of the angular difference be- 
tween the operative slip directions 
in the adjacent crystals and the angu- 
lar difference between the active 
slip planes as measured between 
their intersections with the grain 
boundary. 

Gliding continues indefinitely in 
a sequence of cycles upon the same 
path, broadening more rapidly with 
greater time, temperature and stress. 
The active zone along the grain 
boundary is composed of subgrains 
that are rotated through larger angles 
than the subgrains of the body of 
the crystal. The direction of rotation 
reverses many times during a single 
cycle. Instead of the rupture occur- 
ring through the grain boundary, the 
failure is always transgranular. 

During the induction period slip 
is presumed to cause a localized 
bending of the crystals all across the 
face of the grain boundary. When 
sufficient energy has been stored, 
recovery occurs by a process such as 
polygonization. The metal in the 
recovered zone now forms a con- 
tinuous layer of material that is 
softer than the enclosing metal. 
Rapid yielding occurs along the 
grain boundary —the direction of 
minimum resistance to yielding. 

Since the subgrains cannot re- 
main identically oriented, the fre- 
quency of the slip-recovery cycle 
must differ. This causes some regions 
to be out of phase with other regions, 
whereby grain boundary gliding will 
slow down and stop. 

In the rest interval that follows, 
the subgrains of the grain-boundary 
zone may behave much like those 
elsewhere within the crystals. They 
are subject to a reversing slip and 
recovery cycle, but locally, con- 
tributing only to yielding in the di- 
rection of the applied stress. In the 
absence of coordinated lateral yield- 
ing, bending energy will again ac- 
cumulate along the grain boundary 
and, presently, coordinated recovery 
and yielding, parallel to the grain 
boundary, will be resumed. 

F. N. Rees 


METAL PROGRESS 


{ 
| 
= 
hier 
== 
| 
/ 
24 
= 
x | 
| 
- 
184 


‘Ta shape of things to 

me is often seen in the aluminum extru- 
sions being made by Revere for the country’s 
manufacturing leaders. These are the com- 


panies that know how great a difference may 
exist between the design of a new shape on 
paper and the delivery of a fine extrusion in 
aluminum. They come to Revere for the 
experience and service needed to bridge this 
gap. Ic will pay you, likewise, to gear the 
progress of your business to the most de. 
pendable sources of supply 

Revere Aluminum Mill Products include 
extruded shapes, tube, rod and bar, coiled 
and flat sheet, embossed sheet, circles and 
blanks; seamless drawn and welded tube; 
rolled shapes, electrical conductors forgings; 
and foul. Call the nearest Revere Sales Office 
now. In all principal cities. Revere Copper 
and Brass Incorporated. Founded by Paul 
Revere in 1801. Executive Offices: 240 Park 
Avenue, New York 17, N. Y. 
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Diffusion in Metals 


Digest of “Diffusion Short Cir- 
cuits in Metals”, by R. E. Hoff- 
man, General Electric Review, 
March 1956, p. 28-31. 


A DIFFERENCE in chemical compo- 

sition within a material is similar 
to a difference in electric potential 
in an electronic circuit. A concentra- 
tion gradient will lead to a flow of 
atoms that tends to reduce the 
gradient. The symbol D (diffusivity) 


represents the proportionality con- 
stant between the gradient and the 
rate of atomic flow. The rate of diffu- 
sion is thousands or millions of times 
lower in solids than in liquids. 
Dushman and Koller measured 
changes in electron emission and de- 
duced the rate that thorium dif- 
fused to the external surface of 
thorium-tungsten filaments. At tem- 
peratures near 4000° F. this rate 
increased notably with decreasing 
grain size of the filament. This was 
interpreted as an indication that 


4 
HEAT TREATING 


New GA batch type con- 
trolled atmosphere furnace 


designed for tool rooms heating to 1400° F.—steel 
sod, 2 Recirculating tempering, glass annealing, 
models now ready—others etc. 8 sizes to 24" w. x 15" 
to follow. Electric Furnaces h. x 48° d, 


x 56° d. x 60" h, 


x 24° d, 


Catalog and complete information on any of 
these furnaces will be gladly furnished on request. 


COOLEY ELECTRIC MANUFACTURING CORPORATION 
30 S. SHELBY ST. + INDIANAPOLIS 7, INDIANA 


INDUSTRIAL 
BOX FURNACES 


WITH AND 
WITHOUT 


High 5 1 aud Recirculating Air Draw: box 


Electric Ovens 


Bench Type: for tools and small 
parts—to 2000° F, 14 sizes to 
10° w. x 8" h. x 18" d, 


finishing and industrial process- 


Recirculating Ovens: for drying, e 
ing to 600° F. 5 sizes to 36" w. 


High Temperature Box Furnace: 
for high speed steel treating to 
2500° FP. 3 sizes to 12" w. x 8” h, 


Industrial Box Furnace for general 
heat treating—to 2000° F. 8 sizes . 
to 24° w. x 18" h. x 48° d. 


FURNACES 
35 MODELS 


type furnace for controlled 


i 


thorium migrated primarily by grain- 
boundary diffusion. Langmuir later 
demonstrated that at temperatures 
near 4800° F. the rate of arrival of 
thorium at the surface was governed 
not by grain boundaries but by the 
rate of diffusion through the grains, 
or lattice diffusion. The grain-bound- 
ary diffusivity, D,, and the lattice 
diffusivity, D,, and their temperature 
dependence were calculated. These 
calculations showed that D,, is about 
700 times larger than D, for the 
diffusion of thorium through tung- 
sten at 4400° F. 

In 1948 a comprehensive investi- 
gation of self-diffusion in silver was 
conducted using radioactive silver. 
A thin layer of radioactive silver was 
electroplated onto one flat face of a 
silver cylinder and heated to 1400° 
F. for several days after which the 
radio-silver and a 0.002-in. layer of 
the cylinder were ground off. The 
radioactivity of the new surface was 
recorded on a photographic plate. 
It was revealed that the radioactivity 
corresponded with the grain bound- 
aries in the silver indicating that 
radio-silver diffused more rapidly 
along the boundaries. Different in- 
tensities of radioactivity indicated 
that the diffusion rate was not uni- 
form in the grain boundaries. Cur- 
rent theories indicate that you can 
expect dislocations or regular spaced 
regions of disorder when the angle 
of misorientation is small. Quanti- 
tative measurements of the distribu- 
tion of the isotope in samples having 
a controlled orientation confirmed 
these theories and showed that rapid 
diffusion occurs only in that fraction 
of the boundary occupied by dis- 
locations. 

The lattice diffusion coefficient D, 
was determined in large single crys- 
tals of silver. These data yielded 
values of the ratio D, to D, varying 
from 10* near the melting point of 
silver to 10'* near room temperature. 
The magnitude of these numbers 
demonstrates the ability of grain 
boundaries to act as diffusion short 
circuits. 

Grain-boundary diffusion has prac- 
tical effects. At temperatures high 
enough for diffusion to occur at a 
significant rate, the average grain 
size spontaneously increases, The 
steps in this process are believed to 
be (a) dissociation of atoms of a 
lattice, (b) migration across the 
boundary and (c) attachment of 
atoms to the lattice of an adjacent 
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EXLO is produced by a unique process, in an ultra modern, specially designed plant, 
in .025% and .05% carbon grades for the most efficient and economical production of 
high quality stainless and heat-resistant steels and irons. EXLO requires no modifica- 
tion of melting practices or compromise in quality. 


Rely on our experience ... consult your nearest Vanadium Corporation representative 


VANADIUM CORPORATION OF AMERICA Oey 


420 Lexington Avenve, New York 17, N. Y. Pittsburgh Chicago Cleveland Detroit 
Producers of alloys, metals and chemicals 
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the pump with no outlet 


This unique pump—the Evapor-ion— 
removes many millions of times its 
own volume of air from a system— 
yet it has no outlet 

As shown above, pure titanium 
wire is fed onto a post heated by 
electron bombardment from the fila- 
ment, The titanium evaporates and, 
upon striking the cooled pump wall, 
condenses as a thin layer. 

Gas molecules wander into the 
pump from the vacuum chamber and 
move aimlessly about. Eventually 
they strike the titanium layer. 

Molecules of the active gases, 
which comprise over 99% of the air, 
are held as compounds by the tita- 
nium. As each layer of titanium be- 
comes chemically saturated, a fresh 
layer of metal is deposited 

The inert gases do not combine 
chemically with the titanium. Some 
of the electrons emitted by the fila- 
ment collide with and ionize the inert 


gas molecules. The electrical field of 
the accelerator grid violently repul- 
ses these positive ions and drives 
them into the titanium layer. Here 
they are buried by subsequent tita- 
nium evaporation. 

This constant removal of air mol- 
ecules by evaporation and ionization 
constitutes a pumping action. The 
Evapor-ion pump produces a vacuum 
in the range from to 10°’mm Hg, 
uncontaminated by the fluids used in 
conventional pumps. Nitrogen is 
pumped at speeds as high as 2000 
liters per second. 

The Evapor-ion is ideal for non- 
cyclic vacuum systems such as beta- 
trons, synchrotrons and other par- 
ticle accelerators. In addition it has 
potential applications in the fields of 
metallurgy, electronics and metal- 
lizing. 

For further information, write for 
data sheet No. 6-140-Z1. 


Consolidated Vacuum 
Rochester 3, Y. 


a division of CONSOLIDATED ELECTRODYNAMICS CORPORATION, Pasadena, California 


Saies Offices: Albuquerque «+ Atlanta 


Boston Buffalo « Chicago « Dallas Detroit 


New York « Pasadena «+ Philadelphia « SanFrancisco « Seattle « Washington, D.C 
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Diffusion . . . 


grain. Grain-boundary diffusion be- 
comes one of the factors that deter- 
mine the rate of grain growth. 

Diffusion rates also appear to con- 
trol the precipitation rate in age 
hardenable alloys. In some alloys the 
observed rate nearly agrees with the 
known lattice diffusion rates while 
in others the precipitation rates, cal- 
culated from lattice diffusion rates, 
are millions of times slower than 
those actually observed. This mech- 
anism is dependent upon  grain- 
boundary diffusion whereby D,, can 
be millions of times larger than D,. 

Sintering of powder metal also 
appears to depend upon grain- 
boundary diffusion. Ideal densities 
are present along boundaries while 
the interiors of the grains remain 
porous. 

Grain-boundary migration during 
high-temperature service can hasten 
failure. Readily oxidizable alloys 
coated for protection fail when the 
protective coating diffuses into the 
base metal. The effects of grain- 
boundary diffusion must be mini- 
mized if maximum service is to be 
obtained from these materials. 
Ropert F. 


Corrosion of Bearings 
and Valves 


Digest of “Corrosion in the 
Motor Car: No. 4. Bearings and 
Exhaust Valves”, by Z. S. 
Michalewicz, Corrosion Technol- 
ogy, Vol. 2, November 1955, p. 
334-338. 


EARINGS and exhaust valves, vital 

components of internal combus- 
tion engines, operate under condi- 
tions favoring corrosive attack. How 
to minimize these conditions for 
bearings is made more difficult by 
the trend toward higher power, and 
for valves by the use of gasolines 
containing tetra-ethyl lead. 

Corrosion resistance is but one 
requirement of a bearing; others 
include load-carrying capacity, fa- 
tigue resistance, conformability and 
embeddability, thermal conductivity, 
wear rate and economy. However, 
considering the problem of corrosion 
alone, the chief cause is considered 
to be excessive engine temperature 
which causes oxidation of the lubri- 
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bs ‘hour gold re 
strip 52°’ to gauge, Maxim: 
prpersture of bath—260 F 


The above 35’-0” long Drever Continuous Descaling Bath will 
descale 18,700 Ibs/hour when strip enters bath at bath temper- 
ature. Entering strip temperature is controlled by regulation of 
quenching temperature after strip is discharged from a cat- 
enary annealing furnace. 


Drever descaling baths are heated by gas-fired immersion 
tubes with proportioning automatic temperature control. 


Other baths are supplied for continuous or batch operation 
for strip, plate, wire, tubing and other ferrous or non-ferrous 
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CONTINENTAL 


Serves Industry Everywhere 
COMPLETE PLANTS designed, constructed, and equipped as an 
integrated unit for efficient and economical production. 


CONTINENTAL 
Tomorrow's Designs Today 


SprciAL EquirpMeNT industrial furnaces, ovens, gas genera- 
tors, and dryers—all fuels—feld or shop erected. 


PRODUCTION Linzs tailored to individual needs requiring mini- 
mum labor for maximum output. 


CONTINENTAL 


30 Years’ Extensive Experience 
insures prompt service in planning and production by ex- 
perienced engineers who — industry s problems. Our 
numerous sales and service centers keep in constant touch 
throughout all phases of the work 


Write for Booklet No. 135 


This booklet covers the scope of 
CONTINENTAL Service. It is well 
illustgated with views of CONTI. 
NENTAL installations with descrip- 
tions of the equipment and the 
processes performed. 


Corrosion 


cant and formation of corrosive per- 
oxides and organic acids, Beginning 
at a temperature of 230 to 250° F., 
the rate of corrosion in terms of 
weight loss may double with each 
5° temperature rise above the critical 
temperature. This emphasizes the 
importance of choosing the correct 
type and quality of lubricant for a 
specific service. 

A special type of corrosion has 
been observed with excessively long 
oil drain intervals or when using 
oils providing less than the minimum 
protection. It has been termed pres- 
sure corrosion since it is restricted to 
areas of highest pressure and, con- 
sequently, temperature. Ends and 
edges of the bearing usually remain 
unattacked, 

Principal types of bearing metals 
include tin-base and lead-base bab- 
bitts, cadmium alloys (with small 
amounts of nickel or silver and 
copper), copper-lead alloys, silver, 
bronzes, alkali-hardened lead, alumi- 
num alloys and “gridded” or com- 
pressed and impregnated powdered 
copper-nickel alloys.. 

The century-old babbitts satisfy 
most bearing requirements, except 
that load capacity and fatigue resist- 
ance are rather low. Unalloved lead 
is attacked strongly by oxidized oil, 
so lead-base babbitts contain addi- 
tions such as tin and antimony. The 
tin-base babbitts have better resist- 
ance and are used in the majority 
of passenger car engines in Great 
Britain. 

Cadmium alloys have higher 
strength and better high-tempera- 
ture properties but are sensitive to 
corrosion. To prevent such corrosion, 
indium is plated on the bearing and 
diffused into the surface. 

Copper-lead alloys (25 to 40% 
lead) are in wide usage because of 
higher load capacity. Copper and 
lead form two separate and inde- 
pendent phases in the alloys, lead- 
ing to preferential corrosion attack 
on the lead unless it is protected by 
plating, such as with 0.001 to 0.002 
in. of lead and tin; lead, tin and 
copper; or lead and indium. A thin 
nickel dam is usually deposited over 
the copper-lead alloy before the pro- 
tective overlay, to prevent diffusion 
of the tin. 

High cost of silver precludes its 
general selection despite advantages 
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Thousands of dollars per month saved 


when DRYair replaced premium-grade nitrogen 


in testing electronic equipment 


A cloud of fog forms as moist air from the room 
meets the -67° air in the test chamber, 


LECTRONICALLY-CONTROLLED pneumatic actu- 

ators built by the Electronics Division of 
Thompson Products, Inc. of Cleveland maintain 
400 cycles per second within limits of plus or 
minus one per cent—classed as “phenomenal 
accuracy” by men who know. Regulation and 
testing of this equipment is carried on in cold 
chambers simulating environmental conditions of 
altitude and temperature. 


Standard bottled nitrogen was used at first to 
drive these mechanisms, but it quickly froze up 
as it has a dewpoint of -50°F, Then they went to 


A recent check revealed that this BAC-150 Lectro- 
dryer* is delivering air dried to a -70°F, dewpoint. 


premium-grade nitrogen having a dewpoint of 
-70°, but this costs 70 cents per cubic foot and as 
many as seven bottles of nitrogen were used per unit. 

Now they have this Lectrodryer. It takes air 
from the shop line, cleans and dries it to -70°P. 
dewpoint, actually saving them thousands of 
dollars every month. Thus the Lectrodryer pays 
for itself many times over. 

Have you a moisture problem? Write, giving 
data on it, to Pittsburgh Lectrodryer Company, 
317 32nd Street, Pittsburgh 30, Pennsylvania 
(a McGraw Electric Company Division). 


in England: Birlec, Limited, Tyburn Road, Erdington, Birmingham. 
in France: Stein et Roubaix, 24 Rue Erlanger, Paris XVI 
in Belgium: S.A. Beige Stein et Roubaix, 320 Rue du Moulin, Bressoux-Liege 


LECTRODRYERS pRY 
witH ACTIVATED ALUMINA 


LECTRODRYER 
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Corrosion . . . 


in heavily loaded bearings. An over- 
lay of 0.001 in., similar to that on 
copper-lead, usually is applied to 
silver. 

Poor antifrictional properties of 
bronzes preclude their use although 
addition of 25% lead improves them. 
Hardened lead containing a little 
tin and small amounts of hardening 
elements like calcium, aluminum 


and magnesium, has found favor in 
Germany although corrosion resist- 
ance is not good, Aluminum alloy 
bearings have shown considerable 
popularity in the U.S. Both solid 
and bonded to steel backing, these 
alloys are highly resistant to corro- 
sive attack in engines. 

Since about one third of the ther- 
mal energy generated in an engine 
cylinder — about the same amount 
usefully employed for propulsion of 


the vehicle —is rejected as waste 


Bet better quality... 
greater savings in 


HEAT TREATING 


Continuous conveyor brazing furnace 
for aluminum 


Young Brothers Ovens designed for 
heat treating requirements up to 950 
are built to improve the quality of the 
finished product and provide savings 
in time, fuel and materials. 

Each one is engineered to meet the 
specific need regardless of the process, 
material or product, 

The proven dependability of Young 
Brothers Ovens over half a century 
is your assurance of the finest results 
at lowest over-all costs. 

Experienced engineers are available for 
consultation without obligation. Write 
for Bulletin 14-T on heat-treating. 


YOUNG BROTHERS COMPANY 


1829 Columbus Road 
fstab. 1696 


Cleveland 13, Ohio 


heat in exhaust gases, exhaust valves 
obviously are subject to intense 
oxidation attack. Temperatures of 
valves at hot spots may reach 1400° 
F. in passenger-car engines and 
1600° F. in trucks. “Cold” corrosion 
is also encountered, resulting from 
formation of acids from certain prod- 
ucts of combustion and water vapor 
condensing in the cylinder. It is not 
a significant factor, however, when 
valves are of corrosion resistant steels 
protected by effective lubricants. 

All good exhaust-valve steels de- 
velop continuous protective oxide 
layers. The effect of hot corrosion is 
to disrupt this film at high tempera- 
ture under the action of contami- 
nated atmospheres. It is aggravated 
by leaded fuels. In the effort to pre- 
vent the formation of lead oxide 
from decomposition of tetra-ethyl 
lead during the combustion process, 
ethylene dibromide and ethylene 
dichloride are added to fuels to 
produce lead bromide and lead 
chloride which are volatile at high 
temperature. This promotes a scav- 
enging action but it is seldom com- 
plete and a certain amount of lead 
oxide in exhaust gases is inevitable. 

Above a certain temperature, lead 
oxide attaches itself to the valve 
surface and builds up deposits. At 
still higher temperatures the accu- 
mulated lead oxide fuses with the 
valve steel oxide. This destroys the 
protective film and promotes fur- 
ther oxidation by the lead oxide 
which acts as an oxygen carrier. 

Most valve corrosion failures are 
caused by an attack on the valve 
seating face which starts with the 
development of a leak between the 
valve and its seat. Such leaks may 
result from small-scale corrosion 
pitting of the valve face or seat due 
to direct attack or to the molten lead 
oxide deposits moving across the 
valve head and reaching the valve 
face. The resultant leakage of hot 
gases raises the temperature of the 
valve head, sometimes by as much 
as 300 to 400° F., thus accelerating 
the progress of the attack. 

Best safequard against valve cor- 
rosion lies in selection of a suitable 
valve steel. These materials can be 
classified into three principal groups. 
First are the ferritic (Silcrome) 
steels, hardenable by heat treatment 
and relatively easy to form and 
finish. Second are the austenitic 
Silcromes, somewhat more difficult 
to manufacture and hardenable only 
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potentiometer 
has 
no slidewire 


STE PLESS CAPAC ITY-BALANCI NG Friction-free balancing action! That's why 


Dynalog responds almost instantly to the 


PROVIDES SPEED WITHOUT WEAR! slightest changes in a process variable . . . 
‘a ; without wear... with lasting high accuracy. 
; ; The DYNALOG has no fast-moving 
parts .. . and no gears, cables, or compli- 
cated mechanisms to slow response. Sensi- 
tivity isn’t limited by slidewire windings. 
A simple, variable capacitor and positive 
magnetic drive provide continuous, step- 
less balancing with a sensitivity of 1/100 
of 1% ... an accuracy of % of 1%. And 
DYNALOG is never “off process” for 
standardizing — it requires none. There 
are no batteries to replace . . . no motors 
to periodically clean and lubricate. Only 
five moving parts! 


DYNALOG Instruments can be used 


with resistance, voltage, capacity, or induc- 
DYNALOG‘s * tive type primary elements to measure 
EXCLUSIVE BALANCING ACTION and/or control any process variable with 
unmatched speed and accuracy. Write for 
oo wmtterles Bulletin 427. The Foxboro Company, 526 
vo standardizing Neponset Ave., Foxboro, Mass., U.S.A, 
o@ pears, enbies, ot. Reg. US. Pat. Of. 
° high-apeed reversing moter 
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Corrosion... . 


by mechanical work. They have 
good corrosion resistance and supe- 
rior high-temperature properties. 
Third are the “sigma-precipitate” 
steels — austenitic Silcromes which 
can be precipitation hardened, The 
latter group of alloys is widely used 
in the U.S. although not so generally 
in Britain, 

Where exceptional corrosion re- 
sistance and high-temperature prop- 
erties are required, alloys such as 
Nimonic and Inconel are selected 
but cost is too high and manufactur 
ing difficult. Hard facing of valve 
seats and occasionally of the entire 


head is frequently employed for 
heavy-duty engines. 

Development of a technique for 
producing a tightly bonded coating 
of aluminum on steel valves has 
resulted in superior corrosion resist- 
ance and such valves are in produc- 
tion for passenger cars in the U.S. 

The metallurgist may feel he has 
licked the valve corrosion problem 
by development of suitable alloys, 
but he will fail without the coopera- 
tion of engineers responsible for 
details of valve design. They include 
factors such as size of head and 
stem, size and position of guides, 
shape of exhaust ports, cooling water 
passages, use of valve rotators and 
seat inserts. Anruun H, ALLEN 


SENTRY 


ELIMINATES GRINDING 
AFTER HARDENING 


steel tool manufacturers (ma 
items similar to the milling cutter 
shown above) indicates that much 
time is wasted in grinding tools 
after hardening. 


Many furnaces do not maintain ad- 


equate richness of atmosphere at high 


= steel hardening temperatures. 
is necessitates subsequent grinding 
and finishing operations. 

With Sentry furnace equipment em- 
ploying the positive Sentry Diamond 


A recent national survey of high mone 
ing 


R-37 


Block atmosphere, tools may be soaked 
to assure maximum hardness char- 
acteristics and come from the high 
heat absolutely free from scale or 
decarburization. Sharp cutting edges 
are faithfully maintained and little or 
no finishing operations are required. 


You too can save with Sentry quality 
controlled hardening on all grades of 
high speed and high carbon, high 
chrome steel. Consult Sentry for a 
demonstration on samples of your 
own tools. 


THE SENTRY FOXBORO - MASS. 


Automatic Sonic 
Inspection of Castings 


Digest of “The Utilization of 
Sonic Principles for Application 
to an Automatic Method of Cast- 
ing Inspection”, by Milton J. 
Diamond, General Motors Engi- 
neering Journal, Vol. 3, No. 2, 
March-April 1956, p. 38-42. 


Some TESTING for identifying in- 

ternal defects by striking the sus- 
pended casting and noting the re- 
sultant ring has been in use for a 
long time. Very little progress, if any, 
has been made in its instrumenta- 
tion. The difference in vibration fre- 
quency between a good and defec- 
tive casting is in the audible range; 
however, any method dependent 
upon the human element is sure to 
have its limitations. 

Other nondestructive testing meth- 
ods for castings are the Magnaflux 
and fluorescent particle techniques. 
These tests also depend upon the 
human element and often lead to 
false indications of defects by re- 
cording small folds in the casting 
skin as cracks. Such small folds are 
later machined off by the user. 

Engineers at the Central Foun- 
dry Division of General Motors 
Corp. put the sonic inspection test 
of production castings on an auto- 
matic basis. Previously tested good 
and defective castings of identical 
shape, weight, hardness and chemi- 
cal analysis were selected for fre- 
quency measurements after being 
struck. The purpose was to deter- 
mine accurately whether good and 
defective castings had frequency 
ranges of vibration that differed and 
whether there was sufficient spread 
in the frequency to classify good 
and bad parts. 

Instrumentation for the basic 
tests consisted of a crystal-type 
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The 65-ton weldment above is the crown for a large press. This 
piece, and the parts and assemblies illustrated at the left, are 
typical of thousands of Steel-Weld Fabricated units produced and 
machined by Mahon for manufacturers of processing machinery, 
machine tools, and other types of heavy mechanical equipment. 
Are YOU making full use of welded steel components in your 
products? In the design of almost any type of heavy machinery 
there are pieces and sub-assemblies that can be produced more 
economically in welded steel—and with the additional advantages 
of less weight, greater rigidity and predictability. When you con- 
sider weldments, think of Mahon . . . because, you will find the 
Mahon organization a unique source of supply for welded steel 
in any form... a source with complete facilities for design 
engineering, fabricating, machining and assembling . . . a source 
where design skill and advanced fabricating techniques are sup- 
plemented by craftsmanship which assures you a finer appearing 
product embodying every advantage of Steel-Weld Fabrication. 
See Sweet's Product Design File for information, or, better 
still, have a Mahon sales-engineer call at your convenience, 


THE 8. C. MAHON COMPANY + Detroit 34, Michigan 
Sales-Engineering Offices in Detroit, Hew York and Chicege 


& y Engineers and Fabricators of Steel in Any Form for Any Purpose 
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SHIPPING 


YOU'LL DO BETTER 


with UNITCASTINGS! 


We make no special claims to produce miracles with cast steel. Like 
competitive foundries, problems are similar . . equipment may differ 
slightly . . it’s the end performance of the casting that counts! 


A little extra surveillance in process pays off quality-wise. Customers 
receive better, cleaner castings . . meeting accepted specifications . . 
and end up with a lower finishing cost. Less scrap . . less re-work . 
and less lost production time amounts to more than incidentals! 


Standard carbon and low alloy steel castings, up to 150,000 psi 
tensile . . whatever your requirements, specify Unitcastings! 


UNITCAST CORPORATION + Toledo 9, Ohio 


In Canada; CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


Inspection . . . 


“pickup” transducer, a pre-amplifier, 
an oscilloscope and an audio oscil- 
lator. The specimens of small cast 
crankshafts were shocked into vibra- 
tion by a leather mallet. Vibrations 
were picked up by the transducer 
and amplified. Output of the pre- 
amplifier was fed to the horizontal 
plates while output of the audio 
amplifier was fed to the vertical 
plates of the oscilloscope. 

The casting was shocked con- 
tinuously so its vibration frequency 
pattern could be transmitted to the 
oscilloscope screen. The audio oscil- 
lator was tuned until its frequency 
pattern and that of the casting 
formed a single elliptical shape on 
the screen — referred to as a Lissa- 
jous figure. This is the result of a 
combination of two simple harmonic 
motions when sinusoidal voltages 
are applied to both plates of the 
oscilloscope. Vibration frequency of 
the casting was read from the cali- 
brated dial of the audio oscillator. 

Further tests on certain types of 
castings showed that frequency sep- 
aration of good and defective pieces 
could be increased by using har- 
monics of the fundamental frequen- 
cies. In some instances it was neces- 
sary to find the proper method of 
suspending a casting so desirable 
frequency separation could be ob- 
tained. For example, a brake pedal 
casting gave desirable separation 
(between good and defective parts) 
on only one of three possible posi- 
tions of suspension. 

A machine was developed to com- 
bine instrumentation and handling 
automatically so good castings would 
be painted and accepted while the 
bad were rejected. A universal-joint 
slip yoke casting was selected for 
testing since it required a high stand- 
ard of inspection. 

Refinements were necessary in the 
heart of the electronic control system. 
The heart or “discriminator” is ex- 
tremely sensitive to a very few 
cycles change in frequency. Actually, 
two discriminators were ultimately 
needed — one each for the high and 
low end of the frequency range. In 
addition, a limiting amplifier, a pre- 
amplifier and a specially designed 
microphone pickup were included in 
the control section of the machine. 

Final design of the production 
apparatus used the “merry-go-round” 
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These Band-It clamps, for example, are used 
for hundreds of industrial uses — indoor and 
out. They have to be strong...often must 
last for years in highly corrosive atmospheres. 
Good reasons why Crucible type 301 stainless 
steel is used in their manufacture. 

For fittings like these, large heat exchang- 
ers, process vessels, or many other applica- 
tions, stainless has advantages no other metal 
can provide. Among them are high creep and 


[CRUCIBLE| 


AINLESS 


fatigue strength... heat resistance... spar- 
kling, life-time beauty . . . and excellent work- 
ability. 

Let a Crucible representative help you make 
the best, most profitable use of stainless. And, 
when you decide on the right type for your 
job, you'll find it promptly available from 
nearby Crucible stocks. Crucible Steel Com- 
pany of America, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa. 


first name in special purpose steels 


Canadian Distributor—Railwoy & Power Engineering Corp., Lid. 


JUNE 1956 


high-strength «corrosion and wear resistance e /asting good /ooks 


Crucible Steel Company of America 


197 


BAND-IT ¥ | 
|| 
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principle with four work stations 90° 
apart, Specially constructed holders 
gripped the casting as it passed 
through each station. Three types of 
slip yokes could be handled with 
only minor adjustments. 

At the loading station of the ma 
chine, an operator places a casting 
into a guide, A cam-operated clamp- 
ing device passes by the guide and 


grips the casting to move it to the 
ringing station. Here a small steel 
ball welded to the end of a rod is 
pneumatically actuated and _ strikes 
the casting. Resulting vibration 
travels across a %-in. air gap and is 
picked up by a dynamic-type micro- 
phone having special focal proper- 
ties. The impulse is sent through the 
pre-amplifier, limiting amplifier and 
finally to the two discriminators 
which channel the frequency into 


the proper range. 


» 


Multiple car type aging and annealing 
furnace for aluminum and stainless steel. 
Photo courtesy Taylor Forge & Pipe Works. 


increase Production...Lower Production Costs with 


LOFTUS industria FURNACES 


For years Loftus Industrial Fur- 
naces have. been providing depend- 
able, economical service to all the 
metal industries. Their long life and 
efficient performance have been 
proven by time. The fact that they 
materially contribute to lower cost 
operation and increased production 
is a matter of record. 

Whatever your melting, heating 


and, A fore 


SALES OFFICES IN PRINCIPAL CITIES 


56.244 
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or heat-treating requirements, it 
will pay you to take advantage of 
Loftus’ long experience in furnace 
design and construction. Many of 
the world’s leading companies have 

and to their utmost satisfaction, 
as proved by the high percentage of 
repeat orders. We would welcome 
an opportunity to quote on your 
requirements. 


LOFTUS 


(ngnening OO 


610 Smithfield Street, Pittsburgh 22, Pa. 


140 S, Dearborn Street, Chicago, lil. 


Polarized relays in the discrimi- 
nators are interconnected so when 
the casting’s vibration frequency is 
within the “good casting” range, a 
latch relay operates to accept the 
casting at the “good unload” sta- 
tion. Here the casting is automatic- 
ally sprayed with paint and dropped 
onto a conveyer for transfer to a 
hopper. If the frequency does not 
fall within the “good” range, the 
latch relay does not function. The 
casting passes by the “good unload” 
station and is released to fall onto a 
conveyer for transfer to a rejected 
casting hopper. 

With the increased use of the 
shell molding process of making 
castings and its accompanying closer 
tolerances, wider application of 
sonic testing can be anticipated. 
Castings that have been inspected in 
this manner include brake pedals, 
jack hooks for bumper jacks, auto- 
matic transmission gear cases, gear 
blanks and smaller-size crankshafts. 

The mechanized sonic inspection 
installation has resulted in material 
savings and increased production. 
Testing by this method has given 
the customer a higher-quality cast- 
ing, free of internal as well as sur- 
face defects which hitherto could 
only be discovered by the use of 
X-ray inspection equipment. 

Artuur H. ALLEN 


High-Temperature Alloys 
for Jet-Engine Buckets 


Digest of “Wrought Jet En- 
gine Bucket Alloys”, by Stephen 
G. Demirjian, presented at De- 
troit Technical Meeting of Soci- 
ety of Automotive Engineers, 
January 1956. 


Comite ase and nickel-base alloys 

are largely used for the manu- 
facture of buckets for jet engines 
because they are able to withstand 
high temperatures. General Electric 
Co. is investigating one cobalt-base 
(S-816) and three nickel-base alloys 
(M-252, Udimet 500 and Inco 700) 
principally to determine whether 
modifications in composition of the 
nickel-base alloys can yield even 
better properties. Although the in- 
vestigations are not complete they 
have indicated the following differ- 
ences in the mechanical properties 
of the four alloys. The results are 
based on tests of one heat of each 
alloy. (Continued on p. 200) 
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Airplane Builder's Change to Bearcat 
Increases Life of Rivet Sets 5 Times 


At the Wichita, Kans., plant of Boeing Airplane Company, rivet sets used on 
the B-47 and B-52, as well as other types of aircraft, had been providing 
satisfactory results. But, Boeing engineers reasoned, by checking the perform- 
ance of other grades of tool steel in the same application, they might diseover 
a tool steel that could do a better, more economical job. 

So they ordered Bearcat, from Ford Steel Company, their Bethlehem tool- 
steel distributor in St. Louis. The results were impressive. The Beareat sets 
gave five times longer service life then the sets previously used. In addition, 
the heads also drove down better, thus minimizing time lost in reworking, 
and facilitating ready acceptance by Boeing inspectors. Besides, with Beareat’s 
superior finish, there was less surface pick-up 

Beareat is our super-tough, air-hardening general-purpose grade. It has 
exceptional resistance both to shock and to wear. Its air-hardening character- 
istie minimizes quenching hazards, and provides excellent resistanee to distor- 
tion in heat-treatment. 

In addition to rivet-set applications, Beareat can be used advantageously 
for punches, chisels, hot headers, gripper dies and master hobs, as well as for 
dies used in blanking and bending, and cold-forming. 

If you'd like to know more about Beareat, or perhaps try it out in your 
shop, just get in touch with the nearest Bethlehem tool-steel distributor, 


BETHLEHEM TOOL STEEL ENGINEER ASKS: 
How Hard Should Tools Be? 


It is sometimes difficult to determine the best hardness for certain tools 
As all tools are subjected to wear it is ordinarily desirable to use the high 
est possible hardness. With most tools, this causes brittleness or breakage, 
making some compromise necessary. Generally speaking, tool hardness 
should be lowered from the maximum to a degree which causes the tools 
to consistently wear out in service, rather than fracture. The optimum 
hardness for a given type of tool often varies considerably, depending 
upon the operating conditions. However, here are the average hardnesses 
of commonly used tools: 


HARDNESS 


TOOL C 
High-speed steel, metal-cutting tools, single point 65 
High speed steel, metal-cutting tools, multiple point 63 
Slanking dies 60 
Forming dies 60 
Drawing dies, hardened all over 60 
Drawing dies, bore hardened only 66 
Gages 60 
Shock-resisting tools (punches, etc.) 
Hot-work tools 40/50 
Cold shear blades ou 
Hot shear blades 45 
Tools subjected to max tensile loads (cylinders, containers, ete.) 53 


Tools subjected to max compressive loads (plungers, punches, ete.) 60/65 


These hardness figures should be used as a guide only, because for indi 
vidual jobs the required hardness may be slightly higher or lower, depend- 
ing upon circumstances. 


Tool Steel Color Film 
An Award Winner 


“Teamwork,” Bethlehem’s 16-mm color film 
on tool steel, received an award for exeel 
lence in the sales promotion field at the 
recent Columbus Film Festival, held at 
Columbus, Ohio. The film, being reeeived 
enthusiastically in all parts of the country, 
shows the manufacture of Bethlehem tool 
steels, and explains the reasons behind their 
quality control and heat-treatment. Typical 
appheations of various grades are included, 

The pieture runs for 50 minutes, It is 
available for showings to machinists, die 
makers, heat-treaters, machine-tool manu 
facturers and distributors, Its subject mat 
ter makes it excellent for technical society 
meetings, and for showings to engineering- 
student groups 

If you would like to see “Teamwork,” 
drop a line to Publications Department, 
Kioom 1001, Bethlehem Steel Company, 
Bethlehem, Pa. If possible, please select a 


showing date well in advanee, to permit 


adequate time for seheduling and shipping. 
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“For Scientists Everywhere” 


THE BURRELL CARBOTRANE 


FAST, ACCURATE, EASY-TO-USE 
FOR CARBON DETERMINATIONS 


The Carbotrane is a complete, compact 
carbon train for gravimetric carbons- 
by-combustion. It may be used with 
any laboratory furnace for carbons. 

Uniformly pre-packed absorption 
bulbs are simply discarded when ex- 
hausted and quickly replaced with 
spares! 


CAT. NO, ITEM PRICE 
24-928 Carbotrane, Model 120—(double train) 105.00 
24-923 Carbotrane, Model 110—(single train) 70.00 


Prices listed ore F.O.8. Pittsburgh, Pa. 
Ask for Bulletin No. 323 


BURRELL CORPORATION 
Scientific Apparatus and Laboratory Supplies 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 


Best Engineered Answers 
to Your Oven Problems 


These are typical of many Rockwell recircula- 
ting ovens—standard or special—batch or continu- 


ous—electric, gas, oil or steam—engineered for top 
operating quality and economy. 

Select a Rockwell oven with confidence that it 
will give you the right answer to your baking, dry- 
ing or heat treating problem. Write for complete 
information. 


W. S. ROCKWELL COMPANY 


2046 Eliot Street + Fairfield, Conn. 


Standard truck type 
oven with complete 
control of temperature, 
heat input and power 
and air supply shut-off. 
Continuous conveyor 
oven for automatic 
loading, annealing, 
cooling and discharg- 
ing aluminum sheets; 
radiant tube gas-fired. 
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Jet-Engine Alloys .. . 


The tensile strength of the nickel- 
base alloys was greater than that of 
$-816 between 1000 and 1700° F.. 
however, S-816 was strongest at 
2000 and 2100° F. Nickel-base alloys 
had lowest elongation and reduction 
of area in the temperature range of 
1000 to 1600° F. but S-816 has 
lowest values at 1800 to 2100° F. 

Since all four alloys are subject 
to grain growth, they must be 
forged under closely controlled tem- 
perature conditions. Here $-816 has 
the advantage since it has a forging 
range of 500° F., starting at 2100° F. 
and finishing at 1600° F. In con- 
trast, M-252 has a forging range of 
250° F., finish temperature of 1750° 
F.; Udimet 500 has a 100° range, 
finish of 1900° F.; and Inco 700 
has a 200° range, finish at 1800° F. 
Attempts to increase the forging 
range of the nickel-base alloys re- 
sulted in severe rupturing of the 
buckets. 

Another disadvantage of the 
nickel-base alloys is their suscepti- 
bility to a superficial intergranular 
attack at the high temperatures used 
for forging and heat treating. Such 
surface attack can be removed by 
electrolytic acid pickling, which will 
also remove any cold worked sur- 
face which may result from grinding. 
Either of these conditions can result 
in premature bucket failure should 
the pickling operation be omitted. 

The conventional arc melting 
process is employed on Inco 700 
and §-816 whereas M-252 and 
Udimet 500 are generally melted by 
the vacuum induction process. M- 
252 has been vacuum melted using 
the consumable electrode process. 
As compared to air melting on 
M-252, vacuum melting showed su- 
perior mechanical properties but 
more work is necessary to standard- 
ize the values. From this it may be 
assumed that vacuum melting of 
Inco 700 should be superior to air 
melting. 

At present most buckets are 
manufactured by precision forging, 
which is done in five steps: 

1. Cut slugs from centerless 
ground bar stock with an abrasive 
wheel. 

2. Heat slugs by induction and 
upset to gather a volume of metal 
large enough to fill the hose section 
of the bucket. (Cont. on p. 202) 
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Tools made of 


and will do thousands ofr 
cutting and forming operations 


more economically than carbides 


next time specify tools made of High Speed Steels 


—and for first quality High Speed Steels 


remember these brand names: 


VANADIUM-ALLOYS STEEL COMPANY 


Latrobe, Pennsylvania 


Subsidieries: COLONIAL STEEL CO. * ANCHOR DRAWN STEEL CO. * 
PITTSBURGH TOOL STEEL WIRE CO. * VANADIUM-ALLOYS STEEL CANADA 
UMITED * VANADIUM-ALLOYS STEEL SOCIETA ITALIANA PER AZIONI 


= 
* Vasco Supreme * Neetre | 
{ * 6-N-2 © Ven Cut | 
* Red Cut Superior 
Red Cut Cobalt * Gray Cut Cobsit 


hi 


Precise 


TEMPERATURE 
MEASUREMENT 


is one of the = 
many applications of the 


TYPE B HIGH PRECISION 


POTENTIOMETER 


General purpose potentiometer with 


number of notable refinements, suiting 


it particularly to thermocouple work. 
Distinctive features include: 


@ Three ranges —0 to 16 millivolts, Oto 


160 millivolts and O to 1.6 volts. 


@ Three reading dials—eflective scale 


length of approximately 175 feet for 
each range. 


@ Subponel switch and slidewire con- 


struction for protection of contacts 
from dust and corrosive fumes. 


@ Special provisions to minimize para- 


sitic thermal emtf's—including auto- 
matic compensation of slidewire 
thermals and gold contacts in golva- 
nometer key. 

Exceptional convenience in reading 
and adjustment. 

Solid and substantial construction for 
many years of trouble-free service, 


This standard laboratory potentiometer 


also well suited for meter calibration, 


for checking portable potentiometers, 
and for other critical measurements of 
D.C. potentials requiring exceptionally 


gh accuracy. 
Described in Bulletin 270 


GALVANOMETER 
for SHOP AND LABORATORY WORK 
@ Sturdy, short period 
@ Sensitive (vp to 1.5 V per mm.) 
@ Muitiple-refiection optical system 
@ 100-Millimeter scole 
@ For null or deflection measure: 


ments 
Described in Bulletin 320 


RUBICON COMPANY 


Electrical Instrument Makers 


3758 Ridge Avenue « Philadelphia 32, Pa. 


Jet-Engine Alloys .. . 


3. Block using either a press or 
a steam hammer. 

4. Finish. 

5. Heat transfer. 

The buckets are then subjected 
to a solution and aging treatment for 
maximum mechanical properties. 
When buckets are forged in this 
manner the concave surface receives 
more work than the convex surface. 
Roll forging is being investigated as 
a method of producing a superior 
product with less flash. 

Bernanp Trock 


Gas Turbines 
for Industry 


Digest of “Industrial Gas 
Turbines—Past, Present and 
Future”, by G. R. Fusner, Gen- 
eral Electric Review, March 
1956, p. 49. 


ENERAL Electric Co. made _ its 

first industrial gas turbine as late 
as eight years ago in an experimental 
locomotive. This was such a success 
that the Union Pacific Railroad now 
has 25 of them hauling heavy and 
fast freight trains over the Rocky 
Mountain divisions between Chey- 
enne, Wyo., and Ogden, Utah. These 
locomotives are rated at 8500 hp. at 
the worst air-intake conditions (low 
atmospheric pressures at 6000-ft. 
altitude and warm temperatures at 
90° F.). Each tender carries 24,000 
gal. of treated residual fuel oil. Op- 
erating costs for fuel, lubricants and 
maintenance per gross ton-mile for 
gas turbines and diesels are com- 
parable (respectively 0.0394 and 
0.0419¢). 

Extensive cooperative tests by the 
American railroads and coal industry 
on a turbine fired with pulverized 
coal have been under way for sev- 
eral years. Here the problems due 
to fly ash are yet to be solved, 

Treatment of such oil was early 
found to be a necessity to avoid 
rapid erosion of turbine blades and 
vanes. In fact, severe troubles were 
developing in steam plants, fired by 
similar oil; superheater parts and 
especially uncooled hangers were 
deteriorating when operating tem- 
peratures were increased, It was 
found that the ash from such oil 


UNIGRAIN. 


thin strip brass 
for 
deep drawing 


Uniform fine groin 
size of Somers eyelet 
bross—less than .010 
mm. (7 5X). 


with 
Fine Grain Finish 


Typical of the modern equipment with 
which Somers is able to meet the most 
exacting requirements for thin strip 
metals is the continuous annealing fur- 
nace developed in cooperation with 
the Selas Corp. of America. 


This unique process makes possible the 
deep drawing of Somers THIN STRIP 
brass to full 40% elongation while 
maintaining a uniform fine grain of less 
than .010 mm. which can be easily 
buffed to a brilliant finish. 


And the Selas Furnace provides high 
production as well as close control of 
temper and uniformity. It is typical of 
the modern equipment with which 
Somers produces copper, brass and 
other alloys to rigid specifications 
between .010” and .00075”. 


If you have a problem with thin strip, 
let Somers experience help you. Write 
for confidential data blank or field 
engineer. 


EXACTING STAN DARDs On 
ly 


ERe ALLOYS 


Somers Brass Company, Inc. 
WATERBURY, CONN. 
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From production line to neighborhood delivery 


“MADE WITH 


5 


International Harvester’s multi-stop delivery truck with a Metro-Lite body offers many advantages. 


MAGNESIUM!” 


International Harvester chooses magnesium for Metro-Lite delivery bodies 


to gain ruggedness and light weight. 


Easier to build . . . easier to sell. These are the general reasons 
why International Harvester’s subsidiary, The Metropolitan 
Body Company, has added its name to the growing list of 
major companies who have chosen magnesium. 


But let's look at the specific reasons: Trucks utilizing magne- 
sium and other lightweight materials are easier to build and 
sell. Weight reduction is one reason, ruggedness is another. 
New simplified body construction is yet another. Light weight 
means easier fabricating and lower production costs for the 


you can depend on DOW MAGNESIUM 


manufacturer. The trucker, too, benefits from more payload 
and lower operating costs, Extra strength and ruggedness, 
coupled with thick-sheet construction, eliminate the need for 
interior frame posts and protective lining. This adds 15% 
more capacity to a ten-foot body! 


Join the many manufacturers who are improving their products 
—and sales possibilities—with magnesium, Contact your 
nearest Dow sales office or THE DOW CHEMICAL COMPANY, 
Magnesium Sales Department MA351D-1,Midland, Michigan. 
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Gas Turbines .. . 


contained small amounts of V,O, 
and Na,SO,, which deposited on 
the metal and reacted with it when 
temperatures got high enough. If 
an industrial grade of Mg,SO, is 
added either at the refinery or by the 
user, it prevents in some way the 
deposition of this ash and so pro- 
tects, indirectly, the heat resistant 
metal in burner liners and other 
high-temperature parts. 


The largest use of G.E. gas tur- 
bines has been to operate booster 
pumps on oil and gas pipe lines. 
Here the fuel is at hand. Units 
of 3000 hp. are shipped complete 
as one package, mounted on a struc- 
tural steel foundation which also 
forms the necessary lubricating oil 
and water tanks. Installation costs 
are therefore very low. Another ad- 
vantage is that the turbine delivers 
more power when air intake tem- 
peratures are low — that is to say, 
in winter weather when the demand 


A self-contained variable dc. power supply 
for electrolytic etching of prepared metallo- 
graphic specimens. 


This neat compact unit is always ready 
to operate eliminating time consuming 
hook ups and delays due to 
battery failure. 


All controls are advantage- 
ously located for fingertip 
adjustment. Twin 

type voltmeter and 
ammeter are posi- 
tioned for ready and 
easy observation. 


Properly identified 
leads for the cathode 
the anode with 
forceps for contacting 
or holding the specimen 
are supplied. A 
replaceable beaker and fitted 
cathode clip to support either 
the vertical or horizontal stainless 
steel cathode are furnished. 


MICROMETETCHER 


METALLURGICAL APPARATUS 
2120 GREENWOOD STREET 
EVANSTON, ILL., U.S.A. 


for natural gas is at highest peak. 

In the process industries the gas 
turbine is used primarily for an air 
compressor, either driving one di- 
rectly, or bleeding air from its own 
compressor. It is especially suitable 
when the hot discharge gases can 
be used in evaporators or dryers. 

A most interesting future possi- 
bility is as an auxiliary for steam- 
electric or hydro-electric systems, 
either in central stations or at iso- 
lated terminals. The gas turbine 
using either oil or gas as fuel, inter- 
changeably, can start generating 
power with practically no warm-up, 
so it can promptly enter the system 
to care for a peak load or a sudden 
storm or other emergency. In a more 
humble capacity it is operating boil- 
er feed-water pumps — usually the 
first bottleneck when capacity of an 
existing steam station must be in- 
creased. The exhaust of the gas tur- 
bine can help heat this feed water, 
or go direct to the steam boiler. 
Representative gains are quoted by 
the author: Addition of two 3700- 
kw. gas turbines “increased the cap- 
ability of the central station by 
14,000 kw. and reduced the ‘station 
heat rate’ 2.5%”. 


Welding Nickel Alloys 


Digest of “Nickel and High- 
Nickel Alloys for Pressure Ves- 
sels”, by R. M. Wilson, Jr. and 
W. F. Burchfield, Welding Jour- 
nal, Vol. 35, January 1956, p. 
32s-38s. 


icket and high-nickel alloys are 

being used for pressure vessels 
where ‘pressure, temperature and 
corrosion resistance requirements 
are high. The authors have summar- 
ized information on the mechanical 
properties and welding and heat 
treating behavior of commercially 
pure nickel, low-carbon _ nickel, 
Monel, Inconel, Hastelloy B, Has- 
telloy C, “K” Monel and Inconel 
“X”. All the alloys are recognized 
by the A.S.M.E. Pressure Vessel 
Code except the two age hardening 
alloys “K” Monel and Inconel “X”, 
which may come into commercial 
use as operating temperatures and 
pressures increase. 

Mechanical properties of the alloys 
are presented in a set of 22 charts 
from which the maximum allowable 
stress values in tension were deter- 
mined at elevated temperatures. The 
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*ALUMON” 


for Plating on Aluminum 


RUST PROOFING 
COMPOUNDS 


STOCK POINTS: 
Seattle, San Francisco, 
Los Angeles, Chicago, 
Detroit, Dayton, 
Cleveland, 


Binghamton, New Haven 


Since 1930, ENTHONE Incorporated has developed and 
brought to the metal finishing market many specialty prod- 
ucts and processes. Often these products have provided the 
answers to finishing problems previously unsolved. ENTHONE 
ENSTRIPS, for example, are patented products for the 
selective dissolving of one metal plated on another without 
attacking the base metal. 

ENSTRIP A—U.S. Patent No. 2,649,361 — was the first 
product ever offered for dissolving nickel plate without 
attack on the steel basis metal. 


ENTHONE 


INCORPORATED 


ENAMEL STRIPPERS 


METAL BLACKENING 
COMPOUNDS 


Metal Cleaning and 
Degreasing Compounds 


Conversion Coatings 
for Zine and Cadmium 


WORLD-WIDE 
DISTRIBUTION 
ALSO IN 
Canada, Brazil, 
England, France, 
Sweden and Germany 


ENSTRIP 165-S — U.S. Patent No, 2,698,781 — was the 
first product ever offered for dissolving nickel from copper 
base alloys without attack on the basis metal. And there are 
many other selective strippers in the ENSTRIPS group to 


meet all requirements. 


If you have a metal finishing problem, ask nee” 


ENTHONE first! Write now for the folder 
“They are HERE ... "describing 20 ENTHONE 
answers to difficult finishing problems. 


442 ELM STREET, NEW HAVEN 11, CONNECTICUT 


JUNE 1956 


Metal Finishing Processes * 


Electroplating Chemicals 


RUST REMOVERS { 
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The Clark Hardness Tester 


is precision built to 


aranteed precision results. 


ousands of Clarks, 


years of service all over the 


world, attest to this. 
The surprisingly low 
includes the precision 


Diamond Cone Penetrator, 


as well as Steel Ball 


trators, a wide assortment of 


Anvils, Test Blocks, 


other accessories. Available 
in two models, for Standard 
and Superficial “Rockwell’’ 


hardness testing, each 


choice of 4”, 8”, 12”, or 


16” work capacity. 


Before you invest in any 


hardness tester, get the 


about the low price, speedy 
delivery, and guaranteed accu- 


racy of the Clark. Writet 


THE MOST FOR YOUR 
“ROCKWELL TESTING” 
DOLLAR! 


give 


with 


ice 
Pene- 


and 


with 


” 


facts 


oday. 


CLARK 
HARDNESS TESTER 


10202 FORD ROAD 


CLARK INSTRUMENT, INC. 


RADIANT TUBES 
SAVE YOU MONEY 


PSC “Thin-Wall” sheet-alloy radiant 
tubes will cost you less than cast alloy 
tubes. Comparative quotations will im- 
mediately reveal the substantial savings. 
And, with dies on hand for many common- 
ly used sizes of return bends, we can fre- 
quently save our customers this important 
cost also, Scores of installation records 
attest to their longer service life. Precis- 
ion assembled in any design or dimen- 
sion. Also sheet-alloy heat-treating re- 
torts and covers, boxes, baskets, fixtures, 
tubes, etc. We invite your inquiries. 


Send jor Heal Treat Catalog 54 


THE PRESSED STEEL 


Wilkes-Barre, Pa. 


Welding Nickel . . . 


maximum stress values were calcu- 
lated in accordance with the 
A.S.M.E. Boiler and Pressure Vessel 
Code, 1952, Section VIII — “Unfired 
Pressure Vessels” as the lowest of 
the following: 

1. One-fourth of the minimum ten- 
sile strength. 

2. Two-thirds of the the minimum 
yield strength. 

3. The stress producing a second- 
ary creep rate of 0.1% in 10,000 hr. 

4. Four-fifths of the stress pro- 
ducing rupture in 100,000 hr. 

For bolting materials, one-fifth of 
the tensile strength and one-fourth 
of the yield strength are used. 

The maximum allowable design 
stress is usually determined by the 
tensile or yield strength at tempera- 
tures up to about 900° F. and by 
creep strength above 900° F, 

Nickel and the high-nickel alloys 
can be joined by all the welding 
processes normally used for steel 
pressure vessels without preheating 
or postheating. The age hardenable 
alloys, “K” Monel and Inconel “X”, 
do require stress-relieving to avoid 
cracking during aging. 

Pressure vessels may be fabricated 
from the age hardenable alloys if 
they are welded in the annealed 
condition and then heated r: ipidly = 
1625 to 1950° F. for Inconel * 
and 1400 to 1450° F. for “K” seal 
They should then be ahaa rapidly 
and aged for 8 to 20 hr. 

This procedure is recommended 
because these alloys have low duc- 
tility at temperatures close to the 
aging temperature. This low ductili- 
ty plus the fact that no appreciable 
stress relief occurs until a tempera- 
ture higher than the aging tem- 
perature is reached necessitates a 
fast stress-relieving treatment. After 
welding, this treatment relieves the 
welding stresses before any appre- 
ciable age hardening can occur. With 
slow heating the combination of 
high residual stresses from welding 
and low ductility at the aging tem- 
perature frequently causes cracking. 
For much the same reason, welding 
of fully aged material is not recom- 
mended since some part of the heat- 
affected zone is in the low-ductility 
temperature range. 4 

Although these age hardenable 
alloys have been successfully fabri- 
cated into pressure vessels as large 
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“INCREASED 
TAP LIFE 
FROM 250 
TO 4000 


PIECES” 


Cities Service Chillo Cutting Oil produces astounding results for 
C.S.S. Machine & Tool Company, Philadelphia, Pa. 


Metal stamping... precision grinding ... machining 

. stud welding ... tool and die making. These are 
some of the expert operations performed by the 120 
skilled employees of C.S.S. Machine & Tool Company 
of Philadelphia ... operations based on many years’ 
knowhow and teamwork. And for the past year, with 
Cities Service cutting fluids, this work has been done 
with even greater precision, greater efficiency than 
ever before. 

In its tapping operation, for example, C.S.S. in- 
creased tap life from an average 250 pieces to over 
4000 pieces with Cities Service Chillo Cutting Oil. 
And in a drilling operation with its Brown and 


Sharpe Automatics, time required to make one piece 
was cut from 240 to 165 seconds! 

Says President F. G. Schutz: “Cities Service Chillo 
Cutting Oils are the best we've ever seen. Likewise, 
Cities Service Lubrication Engineers. It's wonderful 
to deal with someone who knows our operation so 
well and has products that help improve it.” 

If you have a lubrication problem, or even if you're 
running smoothly, talk with a Cities Service Lubri- 
cation Engineer. He’s known for solving problems 
known for making smooth operations still amoother 
Or, if you prefer, write: Cities Service Oil Company 
Sixty Wall Tower, New York 5, N. Y. 


CITIES SERVICE 


QUALITY PETROLEUM PRODUCTS 
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The name BAKER on Rhodium 
plating solutions means completely 
dependable quality and perform- 
ance every time. Baker supplies 
Standard solutions, or special for- 
mulae for individual procedures. 


Rhodium produces a metallic finish 
of sustained brilliance and hardness 
. finish that never tarnishes, 
never looks shopworn. The ideal 
finish for electrical and electronic 
applications. 


FREE BOOKLET: Send for “Electroplating with 
Rhodium'’. Contains valuable information and 
guidance for the electroplater. 


PRECIOUS 
METALS 


113 ASTOR STREET, NEWARK 5, WJ. 
NFW YORK « CHICAGO 
SAN FRANCISCO « LOS ANGELES 


as 7 ft. in diameter by 14 ft. long, 
larger structures do not appear to 
be feasible. Some progress is being 
made in developing alloys which 
can be fabricated in heavy sections 
without final heat treatment. 


E. B. Evans 


Nuclear Metals 
Engineering 


Digest of “Metallurgy of 
Nuclear Power Production”, by 
A. B. McIntosh, The Engineer, 
Vol. 200, Nov. 25, 1955, p. 759. 


from orthodox methods 

of electric power production to 
nuclear systems is going to impose 
demands on metals which have never 
been required before. Even with 
common metals such as mild steel, 
aluminum, stainless steel and mag- 
nesium, investigations 
of their under the 
unique conditions of the atomic fur- 
nace will be necessary before service 


broad-scale 
performance 


can be guaranteed. 

Present reactors proposed (in 
Great Britain) for the first phase of 
the nuclear power program are 
cooled by carbon dioxide gas. How- 
ever, experimental reactors are being 
built in the north of Scotland which 
incorporate liquid metal cooling. In 
connection with the fuel elements of 
both types, metallurgical develop- 
ments have led to the selection of a 
number of rare metals and to their 
extraction and production in the duc- 
tile state for the first time. 

Constructional details of a pro- 
posed depend ultimately 
upon its purpose, that is, whether it 
is intended to produce power, or 
plutonium, or both, Size and operat- 
ing conditions of a reactor vary over 
an extreme range. It may be as small 
as a football or as large as a manu- 
facturing plant; it may work at the 
temperature of liquid air or at white 
heat; power level may be in milli- 
watts or in megawatts, and the pres- 
sure may be subatmospheric or hun- 
dreds of atmospheres. 

The type of reactor is determined 
by the neutron energies involved and 
this, in turn, by the “fissile” material 
available. Fissile material may be 
either uranium-235, plutonium or 
uranium-233. The latter is produced 
by neutron absorption and beta 
decay from thorium-232 which is 
found in minute quantities in ores 


reactor 


Welded pressurized housing for 
airborne electronic equipment 


Strong,sound, 
lightweight 
welded 


assemblies 


Magnesium is easy to weld by the 
inert gas shielded are method. 


Welded joint strengths are high; 
using AZ31 alloy sheet, the joint 
strengths average 86° of the 
parent metal with all weld bead 
ground off smooth. If a bead is 
left, strengths can equal or exceed 
the parent metal strength. 


Magnesium welds are not subject 
to microporosity so common with 


many metals. The average mag- 


nesium weld is sound and pressure- 
tight. Where the designer must 
enclose his electronic equipment 
in a pressurized heat exchanger, 
magnesium is his most satisfactory 
material... and the added bonus 
is light weight. 


B&P engineers will help you re- 
design in magnesium. B&P offers 
the magnesium 


industry's most 
complete facilities for fabrication 
and assembly. Your 
inquiry will bring 
answers to problems 
of magnesium weld- 
ing: this 12-page 
booklet. 


BROOKS & PERKINS, INC. 


oN 1958 West Fort Street 
Detroit 16, Mich. 
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|UNITRON| ™ 


microscope’ FREE for 10 Days! 


LET THE INSTRUMENT 
PROVE ITS VALUE TO YOU 
BEFORE YOU DECIDE 

TO PURCHASE 


See for yourself why more and more of our 
leading industrial firms, universities and re- 
search laboratories are turning to UNITRON 
microscopes. These remarkable instruments 
have dispelled the myth that unexcelled op- 
tical and mechanical performance is incon- 
sistent with low cost. Try one of these micro- 
scopes in your own laboratory for ten days. 
There is no cost or obligation. Verify its 
fine optical and mechanical performance. 


UNITRON Metallurgice! Microscopes are 
chosen by such leading firms as . . 


Union Carbide and Carbon 
Goodyear Atomic 

Genera! Motors 

American Smelting and Refining 
CBS-Hytron 

Sperry Products 

Raytheon 

Arthur D. Little 

Corn Products Refining 
Spreque Electric 

National Bureau Standards 
International Nickel 

Firth Sterling 
Raybestos-Manhattan 

US. Dept. of Agriculture 
Colorado School of Mines 
Genera! Electric 

American Brass 
Minneapolis-Honeywell Regulator 
Procter & Gamble 

Glenn L. Martin Co 

E. |. DuPont de Nemours 
Internationa! Business Machines 
Nationa! Cash Register Corp 


THIS COMPLETE CATALOG ON 
UNITRON MICROSCOPES IS 
YOURS FOR THE ASKING 


This colorful, Mlustrat- 

catalog gives com- 
plete specifications on 
all of the instruments 
briefly described on 

) this page, as well as 
others which we 
know will interest 
you. Send coupon 
below for your 


we free copy 


} 204 Milk Str Bo 9, Ma Co 


j Please send us your complete catalog on 
UNITRON Microscopes. 


JUNE 1956 


UNITRON METALLOGRAPH 
and UNIVERSAL CAMERA 
Microscope, New Model U-11 


@ For viewal observation. measurement, and 
phot ohy of both opaque and trans- 
specimens 


@ Bright Geld, dark Held, and polarized 
iHumination 


paren 


@ Revolving with & ebjective 
lenses, 4 photographic ovepleges, viewal 
eyepleces Coated optics aenification 
range 2000 X 


@ Compact and entirely self-contain with 
built-in 34%" 4%" camera, high-intes- 
sity ittuminater, variable transformer 


@ The image tc automationtly in focus in 
the camera—transition from cbservation 
te photography is instantaneous 


Tranemitted light accessories fer trans 
parent specimens included 


Calibrated square mechanical stage with 
calibrated rotatable stage plate. 


@ Many other important features and acces 
sorles inctuding § calibrated 
apparatus, filters, micrometer eyepiece: 
flim holders, ete. Cabinet 


@ Additional accessories inctude: Polaroid 
Land Camera attachment; 35 mm camers 
attachment; low power (5-40K) objec- 
tives; available af extra cost 


COMPLETE UNIT only 1145 
fob Boston . 


BINOCULAR MODEL, BU-11 only $1319. 


UNITRON Mode! MMU pioneers several! 
new features available for the first time 
and, in addition, includes features found 
only in instruments selling for well over 
twice our unusually low price. For 
metals and other opaque specimens un 
der both ordinary and polarized light 
This model far surpasses the usual metal 
lurgical microscope in versatility and 
makes an ideal all-purpose laboratory 
microscope. its features include 


UNITRON LABORATORY MODEL MMU 


transformer built inte microseope base 
vertical illuminator with Irie diaphragm 
and iters 

itiuminater mounts on stage for oblique 
Hiehting 

iMuminater mounts substage for trans 
Parent specimens 

coated optics 

coarte and fine focusing 

focusable stage 

calibrated drawtube 

polarizing apparatus and 6 filters 
revolving nesepiece with objectives 5X 
10K, 40K, 100K, otf 

POX, 


courtere. 


UNITRON Model MMA is «4 complete 


UNITRON STUDENT MODEL MMA 


mens. 
scope 


diaphragm 


@ transformer built inte micre- 
base 
@ vertical Wuminater with iris 


@ coarse and fine focusing. 


@ transtormer built inte microscope base 
and versatile metaliurgical microscope @ vertical iltuminater with iris diaphragm 
priced at about the usual cost of an @ itiuminator mounts on stage fer oblique 
accessory vertical illuminator needed to Henting 
adapt an ordinary microscope for work @ Muminator mounts substage for trans- 
with opaque specimens. Model MMA 
offers many of the novel features of the 
larger Model MMU insofar as these ° 

@ swbetage S-hole disk diaphragm 
features are not connected with the @ frosted Miter 
higher magnifications obtainable with @ revolving nosepiece with objectives OX 
an oll-immersion lens. Its low cost makes 10x, 40x 
the MMA ideas! for student use and @ eyepioces: HEX, PSX, 
routine laboratory investigations. its 149. 
features include COMPLETE only 
filters od, t& 
UNITRON Model MEC filers, testes 
is of the inverted type and @ large mechanical stage _ 
designed for visual observe eraduated cirouter retat 

tion of metels, ores, min stage plate 

of the coated optics 


observation of opaque speci 


PSK, Micrometer 


COMPLETE only 1 g 
fob Boston 


Binocular Model, only $492. 


ANY 
| 204-206 MILK STREET, BOSTON 9, MASS. 
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for any requirement 
in Protecting Tubes 
it’s 


SERVRITE 


the largest 
variety 


In size and length, in iron, nickel, 
and alloys, and in formed or pre- 


cision drilled, Gordon has about 
the largest variety of thermocouple 
protecting tubes, And you get off- 
the-shelf delivery on most any of 
this great variety of “standard” 
tubes. Gordon also makes protect- 
ing tubes to specifications for 
special requirements, 

Give Serv-Rite a trial on your 
next protecting tube requirements. 
You can’t go wrong, Careful manu- 
facture and rigid inspections assure 
satisfaction. Get full information 
today. Ask for Bulletin 11-13. 


@ Bulletin 11-13 gives general applica- 
tion data, specifications, and ordering 
information on Serv-Rite protecting tubes 
and protecting wells —the largest group- 
ing in one listing. 


6221 


CLAUD S. GORDON CO. 


Manufacturers: Engineers» Distributors 


613 West 30th St., Chicago 16, Ill. 
2021 Hamilton Ave., Cleveland 14, O. 
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containing rare earth metals. To 
maintain a chain reaction, the reactor 
must contain at least the “critical” 
amount of one of these three, and 
according to the neutron energies 
employed and the type of fissile iso- 
tope a number of different systems 
of breeder or power producer may 
be devised. 

Physical conditions of operation — 
temperatures, pressures, dimensions, 
masses and the like —are closely 
linked to the method of heat extrac- 
tion. A homogeneous reactor, in 
which the core consists of a single 
mass of fuel material acting also as 
a heat transfer agent, is exemplified 
by liquid metal fuel reactors in which 
the fuel is pumped around a circuit, 
generating heat in the core and dis- 
sipating it directly to a heat ex- 
changer. In a heterogeneous reactor 
the fuel is disposed on a lattice and 
is cooled by a circulating fluid which 
may be liquid or gaseous. 

Progress in reducing costs of nu- 
clear power depends upon the de- 
velopment of materials for use both 
as fuel and as structural components 
capable of withstanding increasingly 
severe conditions of stress, tempera- 
ture, corrosion and neutron flux. 

Uranium can be forged, rolled, 
swaged or drawn into any number 
of shapes including plates, rods, 
tubes, wires and thin foil. It has high 
chemical reactivity but has been hot 
rolled successfully in air. Cooling 
fluids are required to prevent spon- 
taneous ignition of metal turnings. 
Welding in a completely inert at- 
mosphere is not practical. Powder 
metallurgy techniques, involving hot 
pressing and sintering, have been 
applied successfully. 

Thorium is easily worked, either 
hot or cold, and it is so ductile that 
large reductions can be carried out 
between intermediate anneals. The 
metal has been swaged, forged, 
rolled, extruded and drawn to pro- 
duce rods, sheets, thin-walled tubes, 
fine wire and thin foil. It must be 
heated in a protective atmosphere 
or salt bath. 

Reactor fuel may be used in the 
form of cylinders, prisms, sheet or 
tubes. Uranium and thorium may be 
obtained by casting, rolling or draw- 
ing into such forms without particu- 
lar difficulty. 


To accommodate complex stresses 


Metallurgists 


Metallurgical 
Engineer 


Solid State 
Chemist 


Atomic Energy Frontiers 


Today, some of the most 
imaginative metallurgical 
research is being carried 
through to fascinating hori- 
zons in the nuclear field. 


General Electric is looking 
for men whose complex of 
skills can be oriented towards 
that kind of critical self- 
growth which is a _ prime 
asset of tomorrow’s leaders. 
This is one of the most 
important reasons for Gen- 
eral Electric’s . School of 
Nuclear Engineering. 


The following unusual 
positions are now open: 


@ Senior Metallurgist with major 

experience in physical 
lurgy or meta! fabrication and 
assembly. 


meta! 


@ Metallurgist with 2-5 years in 
metal fabrication 


@ Metallurgical Engineer with 2-5 
years in welding 


@ Corrosion or Materials Engi- 
neer with 2-5 years experience 


© Metallurgist with 2-5 years ex 
perience in x-ray diffraction. 


Write in confidence to Gen- 
eral Electric, the organiza- 
tion whose advanced ‘living- 
space’ concept of human 
relations is designed to help 
you happily grow in the 
career you are looking for. 
Personal interviews will be 
arranged with all selected 
candidates. In writing, please 
include your experience, age, 
academic background and 
professional references. 


MR. E. P. GALBRAITH 


Technical Personnel Placement 


GENERAL ELECTRIC 


Richland, Washington 


METAL 


Satta 
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TOUGH JOBS NEED TOUGH STEELS 


These precision parts, made for textile knitting Stocks of clock spring steel, bandsaw, flapper 
machines and refrigerator valves, take a terrific valve, thickness gauge, razor, and many other 
beating. That’s why the manufacturers’ require- types, are carried in New York, Cleveland, 


ments are so high. Strength, precision, and and Los Angeles. 
flatness are musts. And that’s why Uddeholm 


; WRITE FOR SUBSCRIPTION TO UDDEHOLM'S MONTHLY 
Swedish cold-rolled strip was used to make them 


STOCK LIST OF STRIP STEELS. 


Furthermore, on large scale stamping runs, 
like those for making the parts above, it is 
very important that the strip be uniform in chem- Please send me monthly strip steels stock list 
ical composition, physical properties, flatness, 
thickness, and finish. And that’s another 
reason Uddeholm filled the bill. TITLe 


UDDEHOLM, 155 East 44th St., New York 17, N. Y. 


If you want uniformly high grade, cold-rolled COMPANY ____ 
strip—wide or narrow, thick or thin, hardened 
ADDRESS. — 
or annealed, finished blue or straw or bright 
just let us know. city 


Vy UDDEHOLM COMPANY OF AMERICA, INC, 


Tool and Die Steels Offices and New York: 155 East 44th Street, MUrray Hill 7-4575 
Specialty Strip Steels Warchouses Cleveland: 4540 East 7ist Street, Diamond 1-1110 
Los Angeles: 5037 Telegraph Road, ANgelus 2-512! 


District Representativ 
CHICAGO. Frank J. Mackin, Leroy E. Marshall, 55 East Washington, STate 2-1649 In Canada: Uddeholm (Canada) Ltd 
DETROIT: Warren H. Nugent, 17304 Lahser Road, KEnwood 56340 35 Coronet Road, Toronto 18, BElmont 3-3235 
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The 1955 Supplement to 
the Metals Handbook 


Order now a copy of the clothbound 
1955 Supplement to increase the use- 
fulness 4 your ASM Metals Hand- 
book. The Supplement gives an au- 
thoritative survey of facts on these 
subjects: 


Sheet Steel 

Press Forming Dies 

Gray Cast Iron 

Stainless Steel 

Aluminum Alloy Castings 
Closed-Die Forgings 

Helical Steel Springs 

Surface Finish 

Residual Stresses 
Electroplated Coatings 
Induction Hardening 

Flame Hardening 

Gas Carburizing 

Control of Surface Carbon 
Heat Treating of Tool Steel 
Manual Arc Welding 

Metal Cleaning Costs 

Creep and Creep-Rupture Tests 
Radiography of Metals 
Macro-Etching of Iron & Steel 


Each article gives a comprehensive 
coverage of its subject, with informa- 
tion limited to essential facts. This 
authoritative survey was prepared by 
19 ASM technical committees com- 
prising 179 outstanding engineers. For 
complete details of contents, see 
August 15, 1955, issue of Metal Prog- 
ress, which contains the articles being 
offered in this clothbound edition. 
Price is $4.00 to ASM members, 
$6.00 to nonmembers. 


@ 200 Large Pages 
@ 214 Tables 
@ 256 Charts 
@ 411 IMustrations 


American Society for Metals 
Room 790, 7325 Euclid Ave. 
Cleveland 3, Ohio 


Please rush me the 1955 Supplement to the Metals 
Handbook 


_ Zone State 
Cheek enctosed () Bill me Bilt my company 
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developing in reactor fuel of pure 
fissile material, alloying has been 
suggested. At least four different 
types of solid alloys have been pro- 
posed. For example, one calls for 
the dissemination of the fissile ele- 
ment in a matrix of some inert car- 
rier absorbing few neutrons, such 
as aluminum, beryllium, magnesium 
or zirconium. 

Since uranium and thorium are 
neither corrosion resistant nor very 
strong, they must be encased, or 
“canned”, in another metal for sup- 
port and protection. The two most 
important properties of canning ma- 
terials are neutron absorption cross 
section and compatibility. By the 
latter term is meant that the canning 
material must not react with the fuel, 
the ccolant or the moderator over a 
range of temperature beyond that 
rated for the reactor. 

Liquid metal cooled reactors are 
feasible; the coolant is selected on 
the basis of nuclear, thermal and 
fluid properties. Gallium, lithium, 
sodium or potassium offer possibili- 
ties. On the ground of compatibility, 
the balance is in favor of sodium, 
potassium or some alloy of the two 
which is liquid at room temperature. 

In the foregoing, principal atten- 
tion has been focused on the fuel ele- 
ments of the reactor. However, since 
components of the atomic furnace 
are going to be subjected to irradia- 
tion, there develops need for exten- 
sive research to show how normal 
physical properties of materials are 
affected by neutron bombardment. 
Many difficulties stand in the way 
because even in the absence of irra- 
diation, undertsanding is not com- 
plete on many of the processes in- 
volved, for example, the mechanism 
of deformation in creep and brittle 
fracture. The effect of irradiation 
on the stability of compounds is also 
important, particularly where com- 
patibility depends upon the forma- 
tion of a protective film. Simple 


alloys may become complex by the 


formation of “daughter” elements, 
either in solid solution or as separate 
phases, resulting in changed me- 
chanical properties. 

The metallurgist associated with 
the design and construction of nu- 
clear power plants truly has his work 
cut out for him! 

H, ALLEN 


Instruments for Precision 
Temperature Measurements 


PYRO 


Optical 
Pyrometer 


Determines temperatures of 
minute spots, fast-moving 
objects and smallest streams 

at a glance! No correction 
charts or accessories needed 
Easy to use—weighs only 3 
lbs. Special types available 
to show true spout and pour 
ing temperatures of molten 
ferrous metal measured in 
open. Five stock ranges from 
1400° F. to 7700° F. 


Ask for Catalog No. 85. 
The Improved 


PYRO 


Surface Pyrometer 
The ideal instrument for all 
plant and laboratory surface 
and sub-surface temperature 
measurements. Available with 
large selection of thermo- 
couples and extension arms 
for all jobs. Designed for 
ruggedness and accuracy... 
it features automatic cold 
end compensation, large 4%" 
direct reading dial and shock, 
moisture and dust-proofed 
shielded steel housing. 5 stock 
ranges 0-300°F. to 0-1200°F. 
Ask for catalog No. 168. 


Radiation Pyrometer 


Tells spot temperatures instantly in heat- 
treating furnaces, kilns forgings and fire 
boxes. No thermocouples, lead wires or acces- 
sories needed! Temperature indicated on 
direct-reading dial at a press of the button. 
Any operator can use it. Two double-ranges 
from 1000° F. to 3400° F. 
No. 100. 


PYRO- 


immersion Pyrometer 


The Pyro Immersion Pyrometer 
is shock proof, moisture proof, 
dust proof, immune to magnetic 
influences. Shielded steel hous- 
ing. Instantly interchangeable 
thermocouples without adjust- 
ment or recalibration. Large 4” 
scale. Equipped with exclusive 
Lock Swivel. Ranges 06-1500 to 
06-2500 F 


Ask for Catalog No. 155. 


The Pyrometer Instrument Compan 
BERGENFIELD 8, NEW JERSEY 


Manufacturers of PYRO OPTICAL, MICRO-OP. 
TICAL, SURFACE, RADIATION. IMMERSION 
and INDICATING PYROMETERS for over 25 
years. Catalogs on request 
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And economy makes four... four major reasons you'll 
want to investigate the advantages of sodium hydride 
descaling. 

This versatile method descales a wide range of 
metals and alloys in only minutes. And with compact, 
low-cost, easily maintained equipment. No problem of 
waste disposal or of metal pitting. Unlike pickling, 
sodium hydride descaling never attacks base metal... 


acts uniformly on crevices and high spots alike. 


POINTS 


sodium hydride descaling 


If you already have a hydride descaling unit, 
Ethyl offers you a dependable, continuing supply of 
high quality sodium to operate it. If you'd like to 
install one, we can help there, too. With suggestions, 
recommendations, estimates that will put this 
advanced, highly efficient method to work for you 
promptly. 

For lower labor costs, higher production, more posi- 
tive descaling, mail this coupon today. 


For Titanium, Carbon and Alloy Steels, Stainless Steels, High Speed 


Tool Steels, Cast Iron, Nickel, 


Inconel, Copper, Silver, Stellite. 


ETHYL CORPORATION 


100 PARK AVENUE, NEW YORK 17, Ht. Y. 


ATLANTA, BATON 


ROUGE, 


CHICAGO, DALLAS, DAYTON, DENVER, DETROIT, HOUSTON, 


Gor industry 


KANSAS CITY, LOS ANGELES, NEW ORLEANS, PHILADELPHIA, PITTSBURGH, SALT LAKE CiTy, 


ETHYL CORPORATION Fi 


JUNE 1956 


SAN FRANCISCO, SEATTLE, TULSA, MEXICO CITY & (ETHYL CORP. OF CANADA LTD), TORONTO 


| 


100 Park Avenue, New York 17, N.Y. 


Please send me brochure on NAME 
Sodium Hydride Descaling de- FIRM. 
| scribing its uses, advantages, ADORESS. 
| typical reactions and neces 
{ ‘ry equipment. city 


STATE 


is: 
FAST______ 
POSITIVE A 
SY 
| 
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This Block Body for a Tension Reel repre- 
sents the coordinated effort of many National 
Forge skills in turning out the required electric 
alloy steel, the proper heat treating and the 
intricate machining to exacting tolerances. 

National Forge offers you complete forging 


service in one plant—under one responsibility. 
Why not take advantage of this “‘all-in-one”’ 
service the next time you need forgings? 
For full information, write NATIONAL 
FORGE AND ORDNANCE COMPANY, 
Irvine, Warren County, Pennsylvania. 


NATIONAL FORGE AND ORDNANCE COMPANY. 


WARREN COUNTY, PENNSYLVANIA 
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spot-facing tools made of 


At et 4 
~ MURDOCK TOOL CO. Desegatized’; 


DOUBLE SIX 
M-2 


HIGH SPEED 
STEEL 


ou 


ru 
Dowble Sia M-2 Xi. ic 
tungsten-malybuenum high speed ste«' i 
contairing uniformly disperted alloy sulphide: 
for exesiient machinability and longer too! life. The even i 
| distribution of the alloy sulphides ond corvide particles 
result of Latrobe's exclusive DESEGATIZED” process of 
manufocture. 

Gonerous stock: and sizes of Elec. 
trite Six 4-2 XL are ovail- 
from <crveriontly tecated 
warehouse: Order Mow Call 


your Latron= -opresentetive tee” 
dow g¢ corn piece infermetion 


LATROBE STEEL COMPANY 


MAIN OFFICE and PLANT: LATROBE, PA. 
BRANCH OFFICES and WAREHOUSES in Principal Cities 
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Leading Arms Producer reports outstand- 
ing service life with Talide centerless blades 
over past 10 years—outperforming and outlast- 
ing all other work support blades. 
12 gauge shotgun barrel. 


.. Grind entire gun barrel simultaneously to 
series of compound angles. 


No. 5 Cincinnati Centerless Grinder. 


smanedete Special Talide-tipped work support blade 
34%” long, having 9 steps and 10 com- 
pound angles ground to .0001” tolerance. 


Talide-tipped blades last 150 days per 
gqrind—hardened steel blades 3 days. 
Several Talide blades have been in con- 
tinuous production for over 5 years—being 
retipped with a new Talide metal wear 
strip every 12 to 18 months. 


Tolerance...... Talide blades, due to their negligible wear 
over long periods of service, enabled the 
above Arms Producer to maintain the ex- 
tremely close tolerances required on the 
above part—-and at less cost than possible 
with any other tooling. 


One-piece Talide strip (up to 100” 
without seams) prevents scoring and 
scratching. Write for new 84-page 
Catalog 56-G or ask for sales engi- 
neer to call. . Metal Carbides 
Corporation, Youngstown 12, Ohio. 


1,000,000 CUTS WITH TALIDE SHEAR BLADES! 


A large mid-west electrical equipment manu- 
facturer reports exceptional service life with 
Talide-tipped shear blades 39” long cutting 
silicon steel for transformers. Over 1,000,000 cuts 
are being obtained per blade, compared to 
8,000 cuts with a hi-carbon, hi-chrome blade. 
Burr-free, clean-cut edges produced with scrap 
rate practically eliminated. 


tolerance or shape. 


STANDARD OR SPECIAL CENTERLESS BLADES! 


Standard Talide-tipped blades are available 
from stock in over 50 styles and sizes for 
both Cincinnati and Landis Centerless Grind- 
ers and for either infeed or thru-feed work. 
Special blades to handle parts having steps, 

J tapers or profiles can be made promptly to 
. special order, Blades can be supplied in 
lengths up to 100” and ground to any 


4,600 MILES OF SCOTCH TAPE CUT! 


A leading producer of scotch tape installed a 
set of Talide rotary slitter knives 5 years ago 
on a line cutting scotch tape to size. The original 
set of knives have, to date, cut 7,000,000 yards 
of scotch tape with no signs of wear—no re- 
sharpening—and no downtime experienced. 
Officials have decided to equip over 100 shear- 
ing machines with Talide knives as a result of 
the above phenomenal performance. 


TALIDE: 


50 ti Gun Barrel 

| times more Gun Barrels 

with Tealidee blades... 

| 

ww. | 
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Nose wheel landing strut piston is inspected with a G-E OX-250. Power of 250.000 volts permits short exposure times without disassembly. 


YOU FLY MORE SAFELY 


when G-E x-ray units speed aircraft inspection 


-RAY inspection-without-disassembly is routine pre 
ventive maintenance at the St. Paul, Minn., overhaul ow 
depot of Northwest Orient Airlines. Records show their ai @eings 
two General Electric x-ray units not only save time and 
money, but also contribute to longer parts service life 
Oil cooler radiator overhaul, inspection of nose wheel 
strut piston examination of prop blades . . . welds 
— these are typical jobs now assigned to x-ray 
And the widespread use of General Electric x-ray 
aes is not limited to airlines. Thanks to specialized 
3-E engineering, all industry is able to speed inspections 
of complete metal structures. Compact x-ray tubcheads 
can be passed through small opening for radiographic 
examinations of welds and castings. Aircraft structures, : 
ship hulls, pressure vessels, steam pipes are just a few of Industry's most versatile x-ray unit, the OX-175, is 
the products that are tested nondestructively, at low cost used to check oil cooler radiator. Cost of x-ray ex 
amination: $5.00. Previous mechanical inspection 
cost $40.00-—and required removal of coring, thus 
shortening life of radiators 


Have you considered x-ray for inspection and quality 
control? Ask your G-E x-ray representative for facts on 
this complete line of x-ray equipment. Choice of 25 
models in every practical voltage range. Or write X-Ray 
Department, General Flectric Company, Milwaukee 1, 
Wisconsin, Room AS-64. 


Any G-E x-ray apparatus can be yours —without initial 
capital investment—on the Maxiservice® rental plan. 


Progress Our Most Important Product 


GENERAL ELECTRIC 
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AMPCO METAL, INC. = 
Dept. Milwaukee 46, Wisconsin 


I'm interested in knowing more about the wear- 
and corrosion-resistant properties of Ampco Metal. 
Please send me complete information. 


Name Tithe 


| 
| 
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AMPCO’ METAL quadruples life 
of polished rod liners 


Critical part sets new records in tough 
oil-well service, thanks to Ampco 
Metal's remarkable corrosion- and 
sliding-wear resistance 


In oil well pumping the 14 to 16-foot polished rod liner really takes a 
beating. As you can imagine, sliding wear, in this extra-long bushing, 
is a real problem when you consider the number of strokes made by a 
pump during an operating day. Corrosion enters the picture, too, 
with the liner often in contact with sale water, sulfides, etc. 


With ordinary bronzes, Cities Service Oil Company found frequent 
replacement to be a constant headache. Then, in certain areas, it 
switched to liners made from Ampco Metal Pipe. Cities Service 
engineers report a substantial reduction in liner replacements. 


Ampco Metal Liners last four times as long as plain bronze liners 
because they are made from a unique aluminum bronze alloy. It's a 
remarkable bearing material—has unusual resistance to mechanical 
wear. It withstands the corrosive effects of many acids and caustics. And 
when used as pipe it combats erosion from solids held in suspension. 


Ampco pipe and tubing is available in all sizes, along with a complete 
line of flanges and fittings. Send coupon today for full information. 


*Reg. U. S. Pot. Off. 


c 1 Main Office and Plont 
Jompany AMPCO META L, INC. Milwaukee 46, Wisconsin 
Company Address Burbank, California 


Sole Producer of Genuine Ampco Metal 
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THE ELECTRIC DETECTIVE is on apt de- 
scription of the Magnatest FM-100 Conduc- 
tivity Meter. Magnatest uses the electrical 
conductivities of materials as a measure of 
uniformity, hardness, purity and other 
characteristics. A small hand held coil induces 
eddy currents in the test material, which in 
turn affect the impedence of the coil in pro- 
portion to the conductivity of the material. 


IT’S JUST A LITTLE CRACK, but it's a 
serious matter when it shows up on an indus- 
trial crane hook. In fact, to the naked eye it 
may oppeor to be a scratch, at most. Yet 
it can open further and further under load. 
The end result: failure in service and subse- 
quent costly damage. Photo above shows o 
Magnoafiux indication of such a crack in a 
crane hook. 


THE HALLMARK 
OF THE BEST 
SYSTEMS FOR 

NONDESTRUCTIVE 
TESTING 


arian 


Write for complete details concerning any 
of the above case studies, or ask for ournew 
booklet on “Lower Manufacturing Costs.” 
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Case Studies: 


NONDESTRUCTIVE TESTI N G SYSTEMS 


How Periodic Inspection Ups Production 
by Preventing Equipment Failures 


When industrial equipment fails in 
use, it usually results in lost time, 
production, or even life! In each 
case there is a corresponding loss 
of money. The amount, of course, 
depends upon the circumstances. 
Periodic inspection with an M 
testing system can foretell the 
exact mature and extent of struc- 
tural weaknesses in your machinery, 
tanks, or equipment. 


ZYGLO “SPOTLIGHTS” 
Zyglo inspection employs an oi! bose penetrant 
that is brilliantly flourescent under “black light” 
It detects surface cracks or pores when they may 


SERIOUS DEFECTS 


Invisible hairline cracks are 
warning signs of future fatigue 
failure. The M tests detect such 
signs in any material. You can 
take the proper corrective steps in 
time to prevent costly production 
interruptions. Nondestructive 
testing can help you eliminate 
profit-draining equipment failures. 
—Investigate Magnaflux inspection 
methods today! 


IN CUTTING TOOLS 


affect the service life of any metal part. Whether 
you produce cutting tools, or use them, Zyglo 
provides better inspection at lower cost 


Take Your Inspection Problems to the House of Answers 


MAGNAFLUX CORPORATION 


7346 West Lowrence Avenve 
New York 36 «+ Pittsburgh 36 + Cleveland 15 «+ 


Chicago 31, 
Detroit 11 + Dallas 19 + Los Angeles 58 
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Wissco Belts travel stamped aluminum plates for domestic refrigerator evaporators 
through multi-temperature-zone brazing furnace. This is another example of how... 


FAMOUS NAMES 


ride on WISSCO BELTS 
Reynolds Metals Company «+ Louisville, Ky. 


Reynolds Metals Company, recognized as a leader 
in the aluminum industry, uses 80-20 alloy Wissco 
Rod Reinforced High Temperature Belts in this 
production-line operation at its Louisville plant. 


The Wissco Belts are repeatedly subjected to 
elevated temperatures ranging from 1025° F. to 
1190° F. and to the corrosive action of a salt flux. 
Wissco Belts have been used since the Reynolds 
plant was opened. They are standing up extremely 
well, and give economical service with minimum 
maintenance. 


Wissco Alloy Processing Belts are the choice 
of many famous names in industry —leaders 


in their fields. You, too, will find Wissco the 


most economical and efficient belt for high tem- 
perature jobs—for metals, ceramics, glass anneal- 
ing and decorating. 


For details, just write or call our nearest office: 


THE COLORADO FUEL AND IRON CORPORATION 
Denver and Ocklend 
WICKWIRE SPENCER STEEL DIVISION 
Atlentea + Boston Buffalo + Chicago + Detroit New Orleans 
Wew York + Philedeiphic 


WISSCO BELTS 


PRODUCT OF WICKWIRE SPENCER STEEL Division 
THE COLORADO FUEL AND ROM CORPORATION 
2770 
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Bright, scale-free 
steel parts are 
hardened to 
critical tolerances \ With the world’s largest commercial vertical 
under dissociated gl drop bottom metal treating furnace, 


METALLURGICAL, INC, of 
provided from 
Armour Ammonia! 


CLIP AND MAIL TODAY! 


Air Force specifications call for extremely close tol- 
erances and the ultimate in structural strength and 
durability. Metallurgical, Inc. has found that the 
dryness and extreme purity (99.98%) of Armour 
Ammonia is a prime factor in obtaining such results. 

More and more companies are using Armour 
Ammonia for modern metal treating techniques, 
such as nitriding, carbonitriding and the use of dis- 
sociated ammonia in the bright annealing of stain- 
less steel and for furnace brazing. They find the use 
of dissociated ammonia can cut operating expendi- 
tures up to 55% because a single cylinder of Armour 
Ammonia dissociated yields the equivalent of 34 
cylinders of hydrogen! 

The Armour Technical Service Department 
will help answer problems arising with ammonia 
installations for metal treating. Send today for 
these free booklets. If your problems are unusual 
or pressing, write giving full details. 


Please send me free booklets which | have checked: 


“Ammonia Cylinder installations for Metal Treating” 


"The Role of Water Vapor and Ammonia in Cose 
Hardening Atmospheres’ 


“Case Hardening of Steel by Nitriding” 
“A Survey of industrial Carbonitriding Practice” 
“Investigation into the Carbonitriding of Plain Carbon Steel” 
“The Corbonitriding of Alloy Steels” 
(] Tank truck service information 


Armour Ammonia is available in 116 cities. 
Save money on our tank truck delivery servicel 


Armour and Compony * 1355 West 31st Street + Chicago 9, il. 
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bearing manufacturer 
gains over 300% higher yield 
with Vacuum Metals FERROVAC 


Because a leading manufacturer of precision instru 
ment bearings worked to such exacting standards, he 
experienced an exceptionally high rate of rejection of 
finished parts. Then they tried Vacuum Metals 
FERROVAC®, .. of the same basic analysis as the 
air-melted grade used previously. The results were 
decisive, Rejections were reduced to less than 1% — a 
vield improvement of better than three times. 

That's to be expected from vacuum-melted alloys, 
because of their remarkable uniformity. Gases that 
cause inclusions and that in turn lead to rejection — 
or early bearing failure — are literally sucked from 
vacuum-melted alloys during production ... before 
the metal becomes solid 

The result is a clean alloy — with many of its prop 


erties improved It is stronger, tougher, far more 


resistant to wear and fatigue. It works longer and 
harder than conventionally-melted alloy 
the super-tough jobs where nothing else will work 
Only Vacuum Metals gives you one-source service 
— Vacuum Metals’ own large organization, and its 
affiliation with National Research Corporation and 
Crucible Steel Company of America, brings you a 
fully integrated service. It includes everything from 
melting and casting, through mill rolling and nation- 
wide distribution of finished products. If you have 
an application where you can use vacuum-melted 
metals 


even does 


in experimental lots or production quantities 

Vacuum Metals can serve you. Write us now, out 
lining your requirements. Vacuum Metals Corporation, 
P. O. Box 977, Syracuse 1, New York. 


VACUUM METALS CORPORATION 


Jointly owned by Crucible Steel Company of America and National Research Corporation 
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News 


Organic 


COMAMNGS tor MEWALS 


Decorative 


Protective 


New plastisol sprays extra-thick coating 


Crack-Free Chromium Plate 
solves rusting problem 


The recently developed Unichrome 
process which deposits a chromium 
plate free from cracks is proving su- 
perior to ordinary chromium in certain 
types of applications . . . notably, where 
durability and protection are the prime 
requirements. 


Steel drive shafts in well known wash- 
ing machines are now plated directly 
with Crack-Free Chromium about 
0005” thick. Unlike ordinary chromi- 
um, this deposit has no microscopic 
cracks to admit water, humidity, soap 
and detergent spillage. Shafts stay rust- 
free, and get extra wear-resistance, 
besides. 


With .0005” of ordinary chromium, shaft at 
top rusted badly after 100 hours salt spray; 
same thickness of Crack-Free Chromium 
protected shaft at bottom in same test. 


Many other important protective fea- 
tures of Unichrome Crack-Free 
Chromium are detailed in Bulletin 
CFC-1. Send for copy. 


@ 
METAL & THERMIT 


CORPORATION 


General Offices: Rahway, New Jersey 
Pittsburgh © Atianta © Detroit 
East Chicago © Los Angeles 
Metal & Thermit. United Chromium 
of Canada, Limited, Toronto 
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Unichrome “Super 5300” Coating builds 60 mil film per 
coat ... gives heavy duty corrosion-protection 


Tank getting a heavy protective om with Unichrome Plastisol. Large structural parts of products 
can likewise be durably finished 


A new and unusual plastisol formu- 
lation has been developed by Metal 
& Thermit, a pioneer in this type of 
coating, Unichrome “Super 5300” 
Coating delivers the full solids con- 
tent of vinyl plastisol right through 
a spray gun. It enables a coat 60 mils 
or more to be applied successfully in 
one application. 


THICK AND TOUGH 
Amounting to a vinyl “sheet” mate- 
rial, single or multiple coats of this 
new plastisol can be used to good 
advantage on many of the products 
where plastic or rubber sheets are 
generally specified. Super 5300 Coat- 
ing also provides a durable, protec- 
tive finish for large uneven surfaces 
where only a fluid material can be 
applied. Good performance is as- 
sured for two reasons. (1) With 
spraying, there are no seams or 
joints where corrosives might pene- 
trate. (2) Vinyl plastisols have a 


unique combination of chemical and 
physical properties 


THE ADVANTAGES 

Curing quickly at 350° to 365°, Uni- 
chrome Plastisols form rugged, resil- 
ient coatings with an attractive satin 
finish. They insulate electrically, 
absorb impact, don't chip or crack, 
resist abrasion and erosion, deaden 
sound 

They give extraordinary protec- 
tion against a wide range of acids, 
alkalies, alcohols, salt solutions and 
With plastisol protection, 
ordinary metal parts and products 
often prove suitable for unusually 
severe service conditions 


moisture 


For companies without adequate 
baking facilities, Metal & Thermit can 
recommend nearby firms that spe- 
cialize in applying “Super 5300” Coat- 
ing. Send for Bulletins that tell more 
about plastisols. 
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Large Thin Wall Tubing offers 
New Answers Design Problems 


Superior specializes in an unusually wide range of analyses, shapes and sizes 


Today’s design engineers are finding large OD thin wall 
tubing by Superior answers more and more of their design 
problems. Its light weight makes it ideal for ducting, fuel and 
oil lines in aircraft. Thin wall tubing also functions efficiently 
as a low pressure heat exchanger tube. Because of its close 
tolerances, ductility, and bright, clean OD and ID surfaces, 
Superior thin wall tubing is an excellent choice for flexible 
metal hose for the food, chemical and aircraft industries. 
Other applications include bellows, solenoid cylinder cores, 
cylinder liners for automobile hydraulic brakes, fractional 
horsepower motor casings, ceramic drills, electron power tube 
anodes and cathodes, and casings for radioactive well 
logging instruments. 


A number of analyses in large OD thin wall seamless and 


Weldrawn® tubing are available at Superior. Stainless, carbon 
and alloy steels, beryllium copper, titanium, nickel and nickel 
alloys are offered in sizes up to 14%" OD with .035” wall 
maximum; Monel and certain analyses of stainless steel in 
sizes to 244" OD with .025” wall maximum. 


Superior tubing can be supplied in random, multiple or cut 
lengths up to 30 feet, and in any of three standard tempers 
(fully annealed, soft; half-hard drawn; full-hard drawn) or 
in special tempers required by Government, aircraft and cus- 
tomer specifications. Thin wall tubing can be shipped in special 
cardboard cylinders, to protect it from dents and scratches. 
For additional information, get your free copy of Data 
Memorandum No. 4. Write to Superior Tube Company, 
2008 Germantown Ave., Norristown, Pa. 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses 010" to %&" OD—certain analyses in light walls up to 24," OD 


West Coast: Pacific Tube Company * 5710 Smithway St., Los Angeles 22, Calif. * RAymond 3-133! 
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The gears in an automatic nut former have to be tough and ~—_—why this gear for a Waterbury Farrel Automatic Nut Former 
strong to withstand heavy, varying loads. Yet, the castings is made from ASTM-50 gray iron with a nominal composi- 
from which they're made should be easy to machine. That's _ tion of 1% nickel and .50% molybdenum. 


Moly gives cast iron gears higher strength 
with toughness and good machinability 


“To insure a tough, easily machined gray iron for the Molybdenum helps to give reliable and 
gears in our Automatic Nut Formers,” says Henry C. reproducible castings — very important 


factors in consistent performance of gears. 


Griggs, Metallurgist for Waterbury Farrel Foundry & Investigate moly irons. They may be 
°, the key to better performance in many 

Machine Co., “we specify 50° molybdenum in our dick ob le 

ASTM-50 material. The properties of this material con- For the first two in a series of bulle- 

tribute importantly to the reputation of Waterbury equip- tins, “Why Moly Iron,” or for technical 


assistance, write Climax Molybdenum 
ment for accuracy and high speed production under Co., Department 5, New York 36, N. Y. 


severe operatiag conditions.” 
Ose the 
CLIMAX MOLYBDENUM don 


ip 
casting 
* 


One of these instruments 
will solve it! 


Nearly every business has an analysis 
problem — either in research, production 
control or a combination of the two. Now, 
whether your budget is large or small, 
whether your requirements are critical or 
routine, JAco has an instrument tailored 
to your needs. 


JAco Ebert Convertible Spectrograph 


. . for analysis of a wide variety of materials 

in the most exacting research or production 

control work. This instrument is the finest 

produced by the world’s leading manufac- 

turer of large grating spectrographs. Un- 

matched for power, versatility and flexibility. 


JAco Spec-Lab 


. for production control and routine re- 
search. The low-cost Spec-Lab brings to all 
the advantages of spectrochemical analysis 
long enjoyed by the few. Includes precision 
spectrograph, source, microphotometer, pho- 
toprocessor, calculating board and other 
needed accessories in an easy to use form. 


JAco Atomcounter 
Direct Reading Spectrometer 


. for production control or routine anal- 
ysis. The ideal high sensitivity instrument for 
applications requiring fast, accurate results. 
Employs modern electronic system similar 
to those found in computers and scalers. 


JAco-Hilger Direct Reader 


. . for production control. A sturdy 11- 
element direct reader that is low in cost yet 
has speed and accuracy equal to the most 
expensive. Simple and easy to operate. Fea- 
tures a temperature compensator and anal- 
ysis by read-out meter or optional recorder. 
Installed, calibrated and serviced by nation- 
wide JAco branch offices. 


JAco Covers the Spectrum 


Branch Offices: ) LOOK TO JAco FOR THE BEST 


Atlanta, Ga Mushegon, Mich JARRELL-ASH COMPANY 


Chicago, Il. New York, N. Y. 


22 Farwell Street, Newtonville, Massachusetts 


Los Angeles (Duarte) Palo Alto, Cal. 


Pittsburgh, Pa. 
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COMPLETE AUTOMATION is 
achieved by integrating Selas 
Gradiation® Heating into 
Chambersburg Engineering 
Company's new, Cecomatic 
forging process, Brass slugs, 
up to Ie" diameter x 344" 
long, are heated to 1500°F 
and delivered automatically 
to the Impacter at produc- 
tion rates which can be 
varied from 20 to 40 forgings 
per minute. 


STEEL BILLETS, upto 7" square, 
are heated in this Selas Gra- 
diation furnace at Lansdowne 
Steel and tron Company. 
Fast heating to 1850°F 

at rates of 2 to 5 minutes per 
inch of thickness virtually 
eliminates scale, thereby re- 
ducing billet weight 10% 
Fast heated billets are forged 
at temperatures }00°F below 
conventional methods, 


IMPROVED FORGEABILITY plus savings in labor, 
time, floor space...with SELAS HEAT PROCESSING 


Improved forgeability, directly attributable to FAST 
heating, reduces power requirements at the usual forg- 
ing temperatures, or, for given power applied, permits 
an increase in the amount of flow or deformation. More 
importantly, this increased capacity for hot work can 
be used to advantage to permit working metals at lower 
temperatures, with no increase in applied work. 

Whether your forging requirements call for fully 
automatic or manual handling operations, you always 
get these benefits from Selas Gradiation heating: rapid 


start-up . . . low cost per work-piece heated . . . virtual 


elimination of scale . . . precise controllability .. . FAST 
heating which helps pace production . . . compact equip- 
ment which reduces floor space requirements, 

In heat treating, brazing, forging, strip-heating and 
other continuous operations involving both ferrous 
and nonferrous metals, Selas engineers can design 
Gradiation heating to help speed production, improve 
product quality, reduce costs 


Our engineers will be glad to discuss how Selas Gradiation 
methods can be tailored to your heating needs, Address Dept, 66, 


CORPORATION OF AMERICA 
DRESHER. PENNSYLVANIA DEVELOPMENT + DESIGN « CONSTRUCTION 
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Special Reports 
On Finishing Non-Ferrous Metals 


NUMBER I!—Paint Base, Corrosion- 
Resistant Finishing with Iridite 


required. 


® 

WHAT IS IRIDITE? 
Briefly, Iridite is the tradename for a specialized line of 
chromate conversion finishes. They are generally applied 
by dip, some by brush or spray, at or near room tem- 
perature, with automatic equipment or manual finishing 
facilities. During application, a chemical reaction occurs 
that produces a thin (.00002” max.) gel-like, complex 
chromate film of a non-porous nature on the surface of 
the metal. This film is an integral part of the metal itself, 
thus cannot flake, chip or peel. No special equipment, 
exhaust systems or specially trained personnel are 


Chromate conversion coatings are well 
known and accepted throughout industry 
as an economical means of providing cor- 
rosion protection, a good paint base and 
decorative finishes for non-ferrous metals. 
However, continued developments have 
been so rapid and widespread that many 
manufacturers may not be completely 
aware of the breadth of application of this 
type of finish. Hence, this digest of cur- 
rent information; to bring you up to date 
on the many ways in which you can ob- 
tain proper surface preparation for paint 
ing and increase product durability with 
a single multi-purpose chemical pretreat- 
ment. Report I on decorative, corrosion- 
resistant finishes and Report III on 
chemically polished, corrosion-resistant 
finishes are available on request. 


First, it is an accepted fact that metal 
surfaces should be prepared before paint- 
ing to make possible an efficient paint sys- 
tem. Naturally, this preparation should 
provide for good initial paint adhesion. 
Chemical treatments have proved extreme- 
ly effective in this respect, particularly 
those of a neutral or preferably acid na- 
ture. Further, to be most efficient, chem- 
ical treatments should provide a non-por- 
ous barrier to maintain adhesion by sealing 
the metal from the paint and moisture. 
They should also provide a self-healing 
film which prevents lateral corrosion in the 
event that bare metal is exposed through 
scratching. 


The Iridite chromate conversion coat 
ings meet all these requirements. Iridite 
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is a chemical conversion treatment for sur- 
face preparation. It provides initial paint 
bonding by molecular adhesion. It is acid 
in nature and produces a film that is gel- 
like and non-porous in structure. Thus, 
the Iridite film effectively seals the metal 
from the paint and from moisture penetra: 
tion. Because the film contains certain 
relatively soluble constituents, it will pro- 
tect areas scratched through to bare metal 
and prevent lateral corrosion. This is 
accomplished by a gradual leaching of 
these constituents into the damaged area. 


Further, because of its gel-like, non-crys- 
talline nature, the Iridite film will not 
affect the appearance or texture of the 
paint film, nor will it dust or powder to 
mar the painted surface. Because the 
film is non-porous, paint coverage is in- 
creased, thus substantial savings in paint 
costs will be realized. In addition, treated 
parts may be stored for long periods of 
time prior to painting without the risk of 
entrapped moisture causing blistering 
when painting. 

Iridite chromate conversion coatings 
are widely used with equal ease and suc- 
cess under both baked and air-dried paint 
systems. While the actual adherence prop- 
erties of the Iridite film do not increase 
appreciably with its thickness, corrosion 
protection does. The protection of the 
Iridite film is proportionate to its thickness 
and should be taken into consideration 
when selecting the Iridite to meet your 
needs. However, it is sometimes necess 
ary to sacrifice maximum corrosion pro 
tection for appearance when a finished 


part is to be only partially painted. For 
example, it may be desirable to use a thin, 
clear, bright Iridite film if the unpainted 
areas must present a chrome-like appear- 
ance. A typical case is that of instrument 
housings on which the exterior is painted 
and the inside left unpainted. 


On the other hand, if all surfaces of the 
product are to be painted and maximum 
corrosion protection is required, the heav- 
ier and most protective Iridite films should 
be used. For example, all surfaces of zinc 
die cast fruit juicers are finished with a 
highly protective Iridite film prior to paint 
ing to provide maximum resistance to the 
corrosive action of fruit juices. 


Iridite finishes are now available for al! 
commercial forms of the more commonly 
used non-ferrous metals, including zinc, 
cadmium, aluminum, magnesium, silver, 
copper, brass and bronze. In addition to 
providing an excellent base for paint, the 
Iridite films also have high decorative val- 
ue when used as final finishes in them- 
selves. 


These films can produce a wide variety 
of pleasing appearances including clear 
bright, iridescent yellow, bronze, olive 
drab and brown. In addition, many films 
can be modified by bleaching or by dyeing. 
Among the dye colors available are var- 
ious shades of red, yellow, green, blue or 
black. 


In planning or designing, you should 
consider the many other characteristics of 
Iridite finishes which may enter into the 
specific problem. In addition to their func- 
tions as protective and decorative finishes, 
and as bases for organic finishes and bond- 
ing compounds, Iridites have low elec- 
trical resistance. Some can be soldered 
and welded. The film does not affect the 
dimensional stability of close tolerance 
parts. 


Iridites are widely approved under both 
Armed Services and industrial specifica 
tions because of performance, low cost and 
savings of materials and equipment. 


You can see then, that with the many 
factors to be considered, selection of the 
Iridite best suited to your product requires 
the services of a specialist. That's why 
Allied maintains a staff of competent 
Field Engincers——to help you select the 
Iridite to make your installation most 
efficient in improving the quality of your 
product. You'll find your Allied Field 
Engineer listed under “Plating Supplies’ 
in your classified telephone book. Or, 
write direct and tell us your problem. 
Complete literature and data, as well as 
sample part processing, is available. 
Allied Research Products, Inc., 4004-06 
East Monument Street, Baltimore 5, 
Maryland. 
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A HANDFUL OF CHIPS... 


tells the COST-CUTTING story of 
Chase° FREE-CUTTING Brass Rod! 


Take a close look at the typical chips 
machined from Chase Free-Cutting Brass 
Rod. See how short, brittle and tightly 
curled they are. They could only have 
come from rod that permits really high 
cutting speeds and heavier feeds without 
gumming or jamming! 

Such remarkable chips also indicate 
the quality at low-cost of finished pieces 
machined from Chase Free-Cutting Brass 


Rod. Smoother, cleaner pieces that take 
precision threads and sharp knurls 
require less polishing—and simplify 
lacquering, enameling or plating. 

The Chase warehouse near you stocks 
standard mill lengths in many different 
cross-sections. Special shapes that save 
even more machining time can be made 
to order. 

Write, wire or phone today! 


The Nation's Headquarters for Brass & Copper 


Atianta Baltimore Boston Chariotte Chicago Ci 


pol Newark Orleans 
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ncinnati 
New York 


Philadelphia Pittsburgh Providence 


Cleveland Dalias Denver Detroit Grand Rapids Houston indianapolis Kansas City, Mo 
Rochester 


Chase 


BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT 
SUBSIDIARY OF KEMMECOTT COPPER CORPORATION 


Los Angeles 


St. Louis Waterbury 


Sanfrancisco § Seattie 
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Here's quality in a wide 
variety ... and it starts 
with the basic material 


... YOUNGSTOWN 
COLD FINISHED BARS 


Lamson & Sessions bolts, nuts and cap 
screws have established a world-wide re- 
putation as fasteners of quality and de- 
pendability. To gain such a reputation is 
not accidental. It is, rather, the result of 
careful planning, exact selection of mate- 
rials and precision manufacturing. The 
basic material, as an example, is Youngs- 
town Cold Finished Bars. 

The uniformly high quality of Youngs- 
town Cold Finished Bars makes possi- 
ble uniform products. It is a uniformity 
that starts in the Bessemer or Open 
Hearth and is maintained throughout man- 
ufacture. Composition, structure and sur- 
face conditioning combined with “know 
how” in cold finishing, assure the highest 
quality. Specify Youngstown - - your best 
assurance of quality, 


COLD FINISHED 
BARS 


THE YOUNGSTOWN SHEET AND TUBE COMPANY sion 


General Offices Youngstown, Ohio _ District Sales Offices in Principal Cities. 


SHEETS - STRIP - PLATES - STANDARD PIPE - LINE PIPE ~- OIL COUNTRY TUBULAR GOODS - CONDUIT AND EMT - 
MECHANICAL TUBING - COLD FINISHED BARS - HOT ROLLED BARS - WIRE - HOT ROLLED RODS - COKE 
TIN PLATE - ELECTROLYTIC TIN PLATE - BLACK PLATE ~- RAILROAD TRACK SPIKES - MINE ROOF BOLTS 
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Precision temperature control of the three 
Lindberg-Fisher furnaces is maintained 
through these conveniently grouped panels 


@ SKS Die Casting Company, Berkeley, Cali- 
fornia, is engaged in critical close dimensional 
work in casting fuel cell fittings for aircraft. 
To achieve consistent results extremely close 
control of metal temperature is essential. 

Mr. Del T. Kay, SKS general partner, says: 
“We had no previous experience in induction 
melting and holding and sought the best advice 
we could find. As a result, we have installed 
three Lindberg-Fisher two-chamber Induction 


portners, SKS Die Casting Company. 


IN CASTING 
METHODS WITH 
LINDBERG- 
FISHER 


INDUCTION 
FURNACES 


Melting Furnaces. These fulfilled our require- 
ments completely and represented an outstand- 
ing improvement over Our previous methods.” 

Like SKS, you will also find that Lindberg- 
Fisher Induction Melting and Holding Furnaces 
provide these advantages : cleaner molten metal, 
continuous production, cooler operation and 
minimum maintenance. Ask us to recommend 
the proper type of furnace for your particular 
needs or write for our Bulletin 560. 


From left to right, Robert W. Scott, Virgil 
L. Shoemaker and Del T. Kay, general 


LINDBERG ENGINEERING COMPANY, 2448 WEST HUBBARD STREET, CHICAGO 12, ILLINOIS 
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In the Sperry Electronic Tube Divi- 
sion of SPERRY RAND, Gainesville, 
Florida, a battery of 7 Sargeant & 
Wilbur furnaces perform faithfully 
and economically, aiding in the pro- 
duction of klystron tubes. 


@ Five S&W Conveyor Furnaces with 15” 
belts are used for silver and copper brazing 
of klystron tube components, as well as for 
degassifying and oxidizing. 


Two S&W Pusher Furnaces are used pri- 
marily for brazing operations. 


Representatives 


WM. D. PRICE JOHN FIGNER CO. 
611 Ann Street — Box 414 1123 LaClaire Ave. 
Monroe, North Carolina Pittsburgh 18, Pa. 


ROY M. JAHNEL M. CLAYTON SCHWER 
1095 Conn. Ave., N.W. 2920 Grand Blvd. 
Washington, D. C. Detroit, Michigan 


WM. G. PRAED T. C. JARRETT CO. 
416 N. State St. 95 South Ammons St. 
Chicago 10, Ill. Denver 15, Colorado 


EDWIN A. WERT GERALD B. DUFF & CO. 
1828 N. Alexandria Ave. 2165 Morris Ave. 
Los Angeles 27, Calif. Union, New Jersey 


STOUT & LOMAN MARSHALL C. BATTEY 
712 West Sycamore St. 180 Weeden St. 
Kokomo, Indiana Pawtucket, R. I. 


Cc. R. MORELLO 
Crestmont Products, Ltd. 
45 Hollinger Road 
Toronto 16, Ontario 


Atmosphere is dissociated ammonia, pro- 
duced from two 2,000 CFH S&W Am- 
monia Dissociators. 


Purging atmosphere is supplied by a 1500 
CFH Forming Gas Generator. This atmos- 
phere is dried by an automatic, activated 
alumina dryer. 


Write today for literature—and state your 
problem. Our staff of engineers is ready to 
advise without obligation. 


SARGEANT & WILBUR, INC. 
186 Weeden St., Pawtucket, R. |. 


Complete Line of Electric and Fuel Fired Heat Treating 
Equipment * Furnaces * Generators * Ammonia Dissociators 
Gas Conditioning Equipment * Accessories 
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NATIONAL ENGINEERING SERVICE 


Heat and Corrosion Resistant Castings 


General Alloys Company products are backed 
by a national engineering service offering un- 
excelled mechanical and metallurgical Heat and 
Corrosion Resistant Alloys for all Defense and 
Industrial applications. 


"There is no substitute for Experience’’ 


GENERAL ALLOYS BRANCH — AND REPRESENTATIVES 


Emil Gathmann, Jr. Gen ‘alloys Company General Ale 
513 Park Avenue Edward T. Connolly wr 8. Hw 


224 8. Michigan Ave. 47 Motors Bide 


an 
yo? Ave. South “Sen” 
W ysor Block 


mi 8. Min 


BUFFALO, New York FORT WAYNE &. Indiana LOUISVILLE 7, Kentucky NEW ENGLAND 
Roy E. Lynd One The George 0. Desautels Co The George 0. Desautet Co David L. 
812 Tacoma Ave. 2234 Euctid Ave. P.O. Box 1176 4003 Hyotiffe Avenue Woodland f oad 
2906 Broad West Concord, Mae 
DENVER, Coterade HOUSTON 3, Texas INDIANAPOLIS 8. indians WEW YORK 7. New York 
Tracy C. Jarrett Wm. Brice Co © Co Gener Coe 
544 Life Bidg 95 Ammons St. 303 Bastrop St Street 


Alfred Samot or 
PO. Box 701 0 Church Str 


HILADELPHIA, Pa. 15. Pa 
P_ Clark Co. 


incent C. Leat erby ST. LOUIS 16, Missouri 
124 S. Easton Road St Steet Mille, to 
Glenside, Pa 


GENERAL ALLOYS COMPANY 


405 WEST FIRST STREET BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF HEAT & CORROSION RESISTANT CASTINGS” 


| 
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Not a Trace © 


..- Of RESIDUE, that is 
with NEW AHCO Burnishing Compounds 


Find out now how one or more of the new 
AHCO Burnishing Compounds can do that 
better job in your plating or finishing room. 


For full details about AHCO Burnishing Compounds 
write today for Bulletin B-10 , Apothecaries Hall Co. 
20 Benedict Street, Waterbury, Connecticut. 


The Book You Need 
for 1956 


BERYLLIUM 


“GOLD! BAH! IT'S BRASS!" 


Anybody can IDENTIFY METALS INSTANTLY 
with the SPOT-TESTER white Metats 


@ No knowled of Chemistry y loys @ Cobait 
@ it's Portable, Speedy, Accurate. @ Cadmium @ Molybdenum 
Size: Gu Weight: 10 pounds @ Nickel 
rice: $60.00 ¥.o.b. Springfield. NJ @ Zine 
Has everything necessary for instant qual! Red Metal @ Stainiess Steet 
tative analysis ON THE SPOT. in LESS 
N TWO MINUTES you can be sure of Preoiou 
what you buy. Pays for itself in tess than e Motals , 
a month on Lab fees saved 
Accept the Spot-Tester on a 10-DAY FREE TRIAL BASIS with full 
privilege to return it if not satisfied. Mail im the attached coupon 


SPOT-TESTERS, INC. 
65 Brown Ave., P.O. Box 92, Springfield, N.J. 
Please ship SPOT-TESTERS. After a 10-day trial period we will 
pay $50.00 each plus freight or return the Spot-Tester 
NAME 
ADDRESS and STAT 


We abheorh freight if payment te enclosed mney beck guarantee 
Good in_ USA only 


Beryllium—What about its 
fabrication, its properties, its 
corrosion? What about bery]- 
lium in its pure form? 


These and many other ques- 
tions are answered in this re- 
markable new book, “The 
Metal Beryllium”. 


38 authorities are repre- 
sented in this volume, pub- 
lished as a result of a special 
symposium given at the east 
A.S.M. mid-winter meeting in 
soston, and sponsored in co- 
operation with the Atomic En- 
ergy Commission. D. W. 
White, Jr., and J. E. Burke of 
the Knolls Atomic Power Lab- 
oratory of General Electric 
edited the 38 chapters of the 
symposium, plus 15 additional 
papers covering certain as- 
pects of beryllium in greater 
detail. 


Contents include an intro- 
duction, the importance of 
beryllium, occurrence of ores 
and their treatment, reduction 
to metal, processing and fab- 
rication, properties, the brit- 
tleness problem, metallogra- 
phy, corrosion, beryllium-rich 
alloys, cermets and ceramics, 
health hazards and analytical 
chemistry of beryllium. 


6x? Red Cloth 


700 pages 
$8.00 


AMERICAN SOCIETY 
FOR METALS 


7301 Euclid Avenue, 
CLEVELAND 3, OHIO 
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Want more cleaning at lower cost? 


Use 


The high solvent power of NIALK TRICHLORethylene 
makes it one of the most efficient metal degreasing agents 
available today. This plus its recoverability for re-use 
proves it more economical for your cleaning and degreasing 
processes. Characterized by uniform quality and high 
chemical stability, this nonflammable solvent may be used 
in vapor degreasing or as a direct dip rinse. 


Choose NIALK TRICHLORethylene for greater cleaning 
power per gallon. 


From the Salt of the Karth 


oe booklet, NIALK HOOKER ELECTROCHEMICAL COMPANY 


TRICHLORethylene; contains valuable data 4735 Buffalo Avenue, Niagora Falls, N.Y 
on the use and handling of this chemical. SGegare Fells « Tecone 


Montogve, Mich. + New York Chicago « Los Angeles 
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CLASSIFICATION OF MICROS 
(Optical and Electron) 

Clase |. Lrons and steels 

Class 2. Stainless steels and heat resisting 
alloys 

Class 5. Aluminum, magnesium, beryllium, 
titanium and their alloys 

Class 4. Copper, nickel, zinc, lead and their 
alpys 

Class 5. Uranium, plutonium, thorium, zir- 
contum and reactor fuel and control 
elements 

Class 6. Metals and alloys not otherwise 
clasbified 

Class 7, Series showing transitions or changes 
during processing 

Class 4¢ Welds and other joining methods 

Class 9. Surface coatings and surface phe 
nomena 

Clase 10. Results by unconventional techni 
ques (other than electron micrographs) 

Class 11. Slags, inclusions, refractories, cer- 
mets and aggregates 

Class 12. Color prints in any of the above 
classes (no transparencies accepted) 


RULES FOR ENTRANTS 


Work which has appeared in previous 
metallographic exhibits held by the 
American Society for Metals is unaccept- 
able. Photographic prints should be 
mounted on stiff cardboard; maximum 
dimensions 14 by 18 in. (35 by 45 em.) 
Heavy, solid frames are unacceptable. 
Entries should carry a label on the face 
of the mount giving: 

Classification of entry 

Material, etchant, magnification 

Any special information as desired 

The name, company affiliation and 
postal address of the exhibitor should be 
placed on the back of the mount. 

Entrants living outside the U.S. A. 
should send their micrographs by first- 
class letter mail endorsed “Photo for 
Exhibition—May be opened for customs 
inspection”, 

Exhibits must be delivered before 
Oct. 1, 1956, either by prepaid express, 
registered parcel post or first-class letter 
mail, addressed to: 

ASM Metallographic Exhibit 
7301 Euclid Ave. 
Cleveland 3, Ohio 


= 

_ 
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Entries are invited in the 11th ASM 
Metallographic Exhibit, to be held at 
the National Metal Exposition in 
Cleveland, Oct. 6 through 12, 1956. 


AWARDS AND OTHER INFORMATION 


A committee of judges will be appointed by the Metal Con- 

ress management which will award a First Prize (a medal and 
»lue ribbon) to the best in each classification. Honorable Men- 
tions will also be awarded (with appropriate medals) to other 
photographs which, in the opinion of the judges, closely approach 
the winner in excellence. A Grand Prize, in the form of an en- 
grossed certificate and a money award of $100, will also be 
awarded the exhibitor whose work is judged best in the show, 
and his exhibit shall become the property of the American 
Society for Metals for preservation and display in the Society's 
national headquarters in Cleveland. 


All photographs may be retained by the Society for one year 
and placed in a traveling exhibit to the various Chapters. They 
will be returned to the owners in May 1957 if so desired. 
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THE INDEX 
TO THIS VOLUME HAS BEEN REMOVED 
FROM THIS POSITION AND PLACED AT 


THE BEGINNING OF THE FILM FOR 


THE CONVENIENCE OF READERS. 
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lass |. lrons and steels 

lask 2. Stainless steels and heat resisting 
alloys 
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titamum and their alloys 

‘lass 4. Copper, nickel, zinc, lead and their 
allpys 
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during processing 
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ques (other than electron micrographs) 

‘lass 11. Slags, inclusions, refractories, cer 
mets and aggregates 

‘lass 12. Color prints in any of the above 
classes (no transparencies accepted) 


RULES FOR ENTRANTS 


Work which has appeared in previous 
metallographic exhibits held by the 
American Society for Metals is unaccept- 
able. Photographic prints should be 
mounted on stiff cardboard; maximum 
dimensions 14 by 18 in. (35 by 45 em.) 
Heavy, solid frames are unacceptable. 
Entries should carry a label on the face 
of the mount giving: 

Classification of entry 

Material, etchant, magnification 

Any special information as desired 

The name, company affiliation and 
postal address of the exhibitor should be 
placed on the back of the mount. 

Entrants living outside the U.S. A. 
should send their micrographs by first- 
class letter mail endorsed “Photo for 
Exhibition—May be opened for customs 
inspection”, 

Exhibits must be delivered before 
Oct. 1, 1956, either by prepaid express, 
registered parcel post or first-class letter 
mail, addressed to 

ASM Metallographic Exhibit 
7301 Euclid Ave. 
Cleveland 3, Ohio 
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Entries are inviied in the 11th ASM 
Metallographic Exhibit, to be held at 
the National Metal Exposition in 
Cleveland, Oct. 6 through 12, 1956. 


AWARDS AND OTHER INFORMATION 


A committee of judges will be appointed by the Metal Con- 
gress management which will award a First Prize (a medal and 
blue ribbon) to the best in each classification. Honorable Men- 
tions will also be awarded (with appropriate medals) to other 
photographs which, in the opinion of the judges, closely approach 
the winner in excellence. A Grand Prize, in the form of an en- 
grossed certificate and a money award of $100, will also be 
awarded the exhibitor whose work is judged best in the show, 
and his exhibit shall become the property of the American 
Society for Metals for preservation and display in the Society's 
national headquarters in Cleveland. 


All photographs may be retained by the Society for one year 
and placed in a traveling exhibit to the various Chapters. They 
will returned to the owners in May 1957 if so desired. 
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ELEVATE: HEAVY LOADS EASILY 


—also get closer heat gradient 


PERECO 


NEW SYSTEM 


of portable 
HARDNESS 


The 
Revolutionary TESTING Electric 
“OPPEL” Furnace 
HARDNESS If your work involves 

TESTER* handlingcrucibies of 


molten materials or 


Acclaimed 
and wted 
in Europe 


extra heavy dies or 
parts this bottom 


loadin elevator 
pend. 9. 


ONE instrument covers al! the most widely used 
hardness scales 


» Laboratory accuracy plus easy handling. Simple 
operation ...low cost. 


type Pereco Electric 
Furnace is the effi 


cient, labor taving 


antwer 


To meet your specific needs Pereco can 
furnish an inverted, pit-type electric fur 


— 25.70 
The “OPPEL — <1 oo 50-500 nace, like the unit shown, in various sizes 
test gives you direct, Rockhwel) ““R’* 0-100 Operating temperatures, and a choice of 
always accurate read- 80-280 controls. The Model 1P-6700 illustrated has 
ings, using one instru- 7.8. of Stect 28.0v0- work chamber w « 18° do « 21” 


and operating temperature of 2750° F. Ver 
tical lift has safety hand ratchet (power 
lift optional). A review of its many other 
Pereco features sent on request will 
Quickly explain why so many firms look to 
day to Pereco for their furnace or kiln re 
quirements—whether it be for standard or 
special units 


ment in these ranges: 250.000 pat 


No matter what branch of the metal industry you are In, 
“OPPEL’’ will do the job quicker, more accurately. 


For complete information, write 


COMPANY FOR TECHNICAL PROGRESS 


“Co-te-pro” 


P.O. Box 41 Cincinnati 29 


PERENY EQUIPMENT CO. TODAY 


Dept. 9, 893 Chambers Road 
Columbus 12, Ohio FOR DETAILS 


Pangborn HYDRO-FINISH wet blasting 
saves °22,500 a year for Imperial Brass! 


Pangborn Hydro-Finish wet blasting is used at Imperial Brass 
Mfg. Co., Chicago, to remove heat scale and carbon deposits 
from dies. Imperial Brass is highly gratified with results. 
Hydro-Finish does a perfect cleaning job and gives a smooth 
finish, with no breakdown of sharp edges or loss of tolerances. 
It has required no maintenance in its 1/4 years of operation. 
And Hydro-Finish has cut time and labor costs so drastically that 
the firm saves $22,500 a year on this step alone! 


If you clean dies and molds, you should inves- 
tigate Pangborn Hydro-Finish ... now offering 
even lower investment and more efficient opera- 
tion by using air jet sluriators instead of a pump. 
Write today for Bulletin 1402 to PANGBORN 
CORPORATION, 1800 Pangborn Boulevard, 
Hagerstown, Maryland. Manufacturers of Blast 
Cleaning and Dust Control Equipment. 


BLAST CLEANS CHEAPER 
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consistently BETTER QUALITY RADIOGRAPHS 
| at LOWER OPERATING COSTS... with 


HUNT LIQUID X-RAY 
CONCENTRATES 


Radiographs of more constant 
density and better image detail 
throughout a substantially longer 
processing life are the outstanding 
advantage of the new Hunt X- Ray 
Concentrates. 


Hunt" Liguid X-Ray Developer, and 
packed in of concentrate and may be purchased di- 
rectly from Hunt branches listed below. Each bott!. 
X Ray Conctiqitgaite makes 5 gallons of Working solution when 
@iluted accord ig to directions. For a complete 4 page techn: . 
Baletin and prige schedules, write to X-Ray Sales Divisio: 
oP A. Hunt C ry, Palisades Park, New Jersev. 


Manufacturing __ Established 


Chemists 


PHILIP A. HUNT COMPANY 


Chicago + Cleveland + Cambridge 


PALISADES PARK, N. J. 


* Brooklyn + Atlanta + Dallas + Los Angeles * San Francisco 
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YOU CAN CUT INSTRUMENT DOWN-TIME for service from hours 
to minutes in most cases with an adequate supply of Bristol 
thermocouples and Py rometer accessories, 


How much can 
interrupted pyrometer 
service cost you? 


Now’s the time to worry — before it happens —about what 
interrupted pyrometer service can do to your production 
schedules, cost figures, and quality controls 
And now’s the time to lay in a supply of Bristol's pyrome- 
ter supplies and accessories to cut down-time to a minimum 
Bristol's complete line of thermocouples, protection tubes, 
radiation-unit accessories, refractory insulators, mounting 
fixtures, thermocouple wire, and extension wire, switches, 
ink, and charts, are available in a wide selection of inter- 
changeable sizes and types to fit all standard installations. 
They're backed by Bristol's 51 years experience in indus- 
trial pyrometry. We've built thousands of pyrometers for 
every application—in iron, steel, non-ferrous metal smelting 
and refining; in petroleum, chemical, ceramics, glass, paper, 
and food-processing industries and in power, heat and in 
cineration utilities 
You'll find these pyrometer sup- 
plies completely described in our 
56-page Bulletin P1238, together 
with technical data on selection 
installation, maintenance, and 
calibration. Write for your copy 
today. The Bristol Company, 155 
Bristol Road, Waterbury 20, Conn. 


FREE BULLETIN P1238. Tells how to 
select, install, calibrate and care 
for thermocouples and pyrome- 
ter accessories. 


Points the Way in 
Human-Engineered Instrumentation 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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WEIGHT 
INDICATOR 


WEIGH MATERIALS ON THE SPOT! 


With the DILLON Weight Indicator, loads are checked on the 
spot as they ore moved — the instant they are lifted. No need 
to pick materials up, move them to a scale, set them down and 
then pick them up again no more double handling or high 
operational costs 

Accuracy is guoranteed to be within ONE division or less 
at any point on the dial. Adjustable for large tore loads. 16" 
dia. dial. Swivel hook. Accidental overload and shock pro- 
tected. 6 capacities from 0-250 pounds up to 0-5,000 pounds 
Portable— weather-proof—dust-proof. Each unit calibrated with 
certified dead weights. Extreme utility ot LOW cost! 


Write today for illustrated, descriptive literature. 


W. C. DILLON & CO., INC. 


14576 N. Keswick St., Van Nuys 5, Calif. 
"Suburb of Los Angeles” 


» Pat. Off 


INDUSTRIAL Gas EQUIPMENT 


NO BLOWER OR wust connect to Gas suppiy 
OTHER POWER BUZZER Equipment, buy-word 
NEEDED ‘4 since 1911, provides the hottest 


ond quickest heating without 
blower or power 


Wide range of 
turn down and heat control. You 
can depend on a BUZZER. 


Send for complete 
BUZZER Catalog. 


CHARLES A. HONES, Inc. 


126 $O. GRAND AVE, BALOWIN, NY. 
GURWERS FURNACES Heat Treoting, Melting Soldering | 


Mirs. since W911 
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Aging Hardening and Drawing 


Annealing Homogenizing 
Aluminum Brazing Malleablizing 
Aluminizing Strip, etc. Nitriding 

Billet Heating Normalizing 

Brass Brazing Scale-Free Hardening 
Bright Annealing Sintering 

Bright Hardening Silver Soldering 
Carbon Restoration Special Atmosphere 
Carbonitriding Treatments 


Carburizing, Gas, etc. Spheroidizing 
Controlled Atmosphere Solution Heat Treating 


Copper Brazing Strip Coating — 
Enameling ® Forging Any Process 


Galvanizing Strip, etc. Stress Relieving 


Glass Heat Treating Quenching 


PRODUCTION HEAT TREATING FURNACE 


to fit your specific requirements 


Backed by over 40 years of practical furnace building experience and 
thousands of successful fuel fired and electric furnace installations, 
EF engineers are in position to design and build just the size and type 
of equipment you need for handling any product or production, or 
for any heat treating or processing requirement. 


Submit your production furnace problems 
to experienced EF engineers — if pays. 


THE ELECTRIC FURNACE CO. 


GAS CARBURIZING. EF gos fired radiant tube COS FIRED CLE 
gos carburizing unit with automatic quenching, washing FOR PROCISS PRODUCT O8 PRODUCTION 
and drawing equipment conveys gears and other materia! 


thru on three separate rows of trays. The special atmos 
phere is produced in an EF endothermic generator 


Canadian Associates @ Canefco Limited @ Toronto 1, Canada 


SCALE FREE HEAT TREATING. This EF gos fired UNIFORM ANNEALING. Brow, copper, oluminum, high BRIGHT ANNEALING Discharge end of on EF gos 


radiant tube installation with 3 heating zones, elevator and low corbon, stoiniess ond other alloy strip, tubing fired radiant tube tallation with EF endothermic special 
type oil quench and a 2-station washing mochine ond and wire in coils, on reels or in strands, ore uniformly ot phere generator for bright annealing vor sees 
timing equipment, scale free hardens heavy oircraft onnecied in hundreds of EF continvows ond beotch type of stampings, uniformly and continu y. Other OF in 
motor parts, uniformly, automatically and continyously. furnaces. Our extensive experience con save you time staliations are handing stuiniess steel and other stampings 


and money. 
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‘dag’ dispersions... 4 touch does 0 much! 


Tool-life 
increased 
60 times 


In an unusual multiple-spindle drilling 
operation, a machine-tool firm found that 
straight cutting-oil did not give satisfactory 
performance. Drills constantly had to be 


resharpened after sinking about 50 holes. 


However, when a 1:300 dilution of a ‘dag’ 
dispersion of colloidal molybdenum 
disulfide in oil was tried, tool life before 


resharpening was extended to 3,000 holes! 


This result is typical of the production 
improvements which can be realized 
through the use of this outstanding new 
high-pressure lubricant. Whatever 

your machining operation, it is likely that 
molybdenum disulfide can help. And 
Acheson Colloids’ service engineers can 
give you the benefit of their experience 

in its application. Why not get in touch 
with your nearby Acheson representative? 
Meanwhile, write for your free copy 

of Bulletin No. 424, 


6 
ACHESON 


COLLOIDS 
COMPANY 


PORT HURON, MICHIGAN 
.. also Acheson Colloids Ltd., London, England 
ACHESON COLLOIDAL DISPERSIONS 


Graphite © Molybdenum Disulfide ¢ Zinc Oxide 
Mica and other solids 


of Act Ind 


Acheson Colloids Company, Dept. C-6 
Port Huron, Michigan 


Yes, | want to get your free catalog on ‘dag’ 
dispersions for use in Industrial Lubricants. 


Nome 

Title 
Company 
Address 


City 
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Zone ___ Siate 


